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RvuBBER CHEMISTRY AND TECHNOLOGY is published quarterly under the super- 
vision of the editors representing the Rubber Division of the American Chemical 
Society. The object of the publication is to render available in convenient form 
under one cover all important and permanently valuable papers on fundamental 
research, technical developments, and chemical engineering problems relating to 
rubber or its allied substances. 

RuBBER CHEMISTRY AND TECHNOLOGY may be obtained in one of three ways: 

(1) Any member of the American Chemical Society may become a member 
of the Rubber Division upon payment of the dues ($2.00) to the Division and thus 
receive RUBBER CHEMISTRY AND TECHNOLOGY. 

(2) Any one who is not a member of the American Chemical Society may be- 
come an Associate Member of the Rubber Division (and also a member of his 
local group if desired) upon payment of $4.00 per year to the Treasurer of the 
Rubber Division, and thus receive RuBBER CHEMISTRY AND TECHNOLOGY. 

(3) Companies and Libraries may subscribe to RuBBER CHEMISTRY AND 
TECHNOLOGY at a subscription price of $6.00 per year. 

All applications for regular or for associate membership in the Rubber Division 
with its privilege of receiving this publication, all correspondence about subscrip- 
tions, back numbers, changes of address, and missing numbers and all other in- 
formation or questions should be directed to the Secretary-Treasurer of the Rubber 
Division, Professor H. E. Simmons, Easton, Pennsylvania, or University of Akron, 
Akron, Ohio. 
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Rubber Division Activities 


H. E. Srmmons, Secretary-Treasurer of the Rubber Division of the American 
Chemical Society 


The Rubber Division of the American Chemical Society 


Officers 


SranteY Kraut, Fisk Rubber Co. 

H. A. WinKetMANN, Philadelphia Rubber Works Co. 

Secretary-Treasurer H. E. Simmons, University of Akron, Akron, Ohio 

Executive Committee..A. H. N. A SHeparp, W. A. Grpsons, L. B. 
SEBRELL, IRA WILLIAMS 


Minutes of the Meeting of the Rubber Division at 
Atlantic City, New Jersey, September 26 and 27, 1929 


In accordance with a vote of the Executive Committee following the regular 
spring meeting in Columbus, the Rubber Division did not meet with the general 
society in Minneapolis in September, 1929, but at Atlantic City, September 26-27. 
The meeting of the Rubber Division was called to order in the Chalfonte-Haddon 
Hall Hotel, Sept. 26, by Chairman A. H. Smith. The chairman appointed a 
nominating committee as follows: H. L. Fisher (Chairman), Harold Gray, V. L. 
Smithers, D. L. Cranor, H. E. Simmons, and the following Resolutions Committee: 
H. A. Winkelmann (Chairman), C. C. Davis, Carl Frick, and F. W. Stavely. 

The following program was given: 

C. R. Johnson: “Carbon Black. II. The Role of Oxygen.” 

A. A. Somerville, J. M. Ball, and W. H. Cope: “The Aging of Vulcanized Rubber 
under Varying Elongation.” 

E. Karrer, J. M. Davis, and E. O. Dieterich: “A Simplified Type of Goodrich 
Plastometer.” 

W. F. Busse and E. Karrer: “Application of Dunn’s Viscosity Equation in the 
Study of Rubber.” 

E. O. Dieterich: “A Method for Estimating the Extent of Penetration of Rubber 
Compounds into Fabric.” 

V. N. Morris and J. N. Street: “The Effect of Temperature, Pressure, and 
Humidity on the Permeability of Rubber to Air.” 

F. L. Kilbourn, Jr.: ‘Rate of Cure of Reclaimed Rubber. II.” 

R. H. Gerke: ‘Thermodynamics of Stretching of Vulcanized Rubber.”’ 

W. A. Gibbons: ‘Flexing Test for Tire Carcass.” 

J. E. Skane: “Fabrics Used in Rubber Belting.” 

Report of Physical Testing Committee. 

Business Meeting—Election of Officers. 

On Friday the business session of the Division was held, at which time the 
Nominating Committee recommended that it be considered a ruling in the future 
that the Vice-Chairman is elected with the understanding that he will serve as 
Chairman the following year. Also the retiring Chairman shall be elected to 
serve on the Executive Committee the following year and the one receiving next 
to the highest number of votes for Vice-Chairman shall serve on the Executive 
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Committee, thus making it necessary to elect but three members to the Executive 
Committee. This recommendation was approved by vote, at which time the 
Chairman announced the nominations of the Committee. The balloting elected 
the following officers for 1929-30: Chairman, Stanley Krall; Vice-Chairman, 
H. A. Winkelmann; Secretary-Treasurer, H. E. Simmons; Executive Committee, 
A. H. Smith, N. A. Shepard, W. A. Gibbons, L. B. Sebrell, Ira Williams; Sergeant- 
at-Arms, E. R. Bridgwater. 

H. A. Winkelmann made a report for the Resolutions Committee, which upon 
motion was approved. 

The Secretary-Treasurer made the following report: 


Subscribers to “Rubber Chemistry and Technology”’.............. 62 
Members with dues unpaid for 59 
Associate members with unpaid 86 


By motion this report was approved. 


Treasurer’s report: 


Balance on hand at the meeting in April................ $1734.80 
Disbursements : 
49.99 


Supplies and postage... ..... 12.97 
India Rubber Publishing Co....................... 122.50 


. (Correction made on foreign check—not cashed)..... - 


Balance on hand Sept. 25, 1929................... $332.42 
which by motion was approved. 

H. L. Fisher, Chairman of the Papers seer submitted a report of the 
Committee of the Division as follows: 

The Papers Committee of the Rubber Division of the American Chemical 
Society held a meeting at the Chemists’ Club, May 28, 1929, and. made the follow- 
ing recommendations: 

1. That the decisions of the Executive Commttee regarding papers to be 
presented before the Divsion be rigidly enforced, with the exception of that part 
which reads, “That the titles of the papers be in the hands of the Secretary three 
months prior to the meeting.” It is recommended that this part be rescinded. 
These decisions are found in the minutes printed on page viii of the April, 1928, 
number of RuBBER CHEMISTRY AND TECHNOLOGY (Vol. I, No. 1) and, without the 
part just mentioned, are as follows: 

A. “That the papers be in the hands of the Secretary six weeks prior to the 
meeting.” 
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B. “That the Chairman appoint two or three men to act as reviewers for each 
paper presented to the Division and to lead in the discussion of the paper, and that 
the reviewers give the Secretary the number of minutes that should be allotted’ 
on the program for the respective papers.” 

2. That the names of those appointed to review and discuss each paper be 
published, together with their discussion. 

3. That the author may designate the time he thinks necessary for the pre- 
sentation of his paper, and that he be notified of the time allotted to him. 

4. That the author send in an abstract of not over 200 words along with his 
manuscript and that all abstracts be mimeographed and sent to each member 
of the Rubber Division a reasonable time before the meeting. 

5. That a paper should usually consist of the following parts: 

A. Synopsis 

B. Brief introduction 

C. Main body, including experimental work 
D. Conclusions 

E. Bibliography. 

6. That, in the presentation at a meeting, the author should never read his 
complete paper. He should use a comprehensive abridgment, and carefully think 
over his method of presentation beforehand. Properly made slides or charts are 
most helpful and, when discussing them, the speaker should talk to his audience, 
not to the screen. 

7. That the author should observe the following in the make-up of the slides: 

A. Too much should not be put on one slide 

B. All curves should be distinctly drawn 

C. Letters and figures should be large enough when on the screen to be 
legible from the rear of a 100 ft. room 

D. Slides should be numbered. , 

8. That charts, curves, and tables for publication should conform with the 
recommendations on these matters given in the artiele in Industrial and Engineering 
Chemistry, 19, 755 (1927). Authors are reminded of the fact that in all American 
Chemical Society publications the metric system of units must be used; and that 
the English system may be used in addition. Which upon motion was approved 
by the Division. 

Following this the Division adjourned its meeting. 

H. E. Simmons, Secretary-Treasurer 


Minutes of the Meeting of the Executive Committee, 
September 27, 1929 


The newly elected Chairman of the Division, Stanley Krall, called a meeting 
of the newly elected officers of the Division immediately upon the adjournment 
of the Division, members present being: Stanley Krall, H. A. Winkelmann, 
W. A. Gibbons, A. H. Smith, Ira Williams, E. R. Bridgwater, H. E. Simmons. 

By motion of the Executive Committee it was decided that the rules which 
apply to membership in the American Chemical Society should also apply to 
membership in the Rubber Division, therefore, any one whose dues for 1930 are 
not paid on or before February 1 will be dropped from the mailing list and thus 
be removed from the mailing list of RUBBER CHEMISTRY AND TECHNOLOGY. After 
some discussion it was moved that the programs of the different groups of the 
Rubber Division be submitted in advance to the Executive Committee of the 
Rubber Division for their approval. 
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Because of the increasing duties in the office of the Secretary-Treasurer it was 
voted that the Secretary be allotted $10.00 per month for stenographic services, 
said amount to be paid in four equal installments 0° $30.00 each. 

It was also voted that the expenses of the Secretary-Treasurer of the Division 
in attending meetings be paid by the Division, this to go into effect with the 
Atlantic City Meeting. 

Upon motion, the Committee adjourned to meet again at the call of the Chairman. 

H. E. Simmons, Secretary-Treasurer 


New Books and Other Publications 


The Reclaiming of Rubber Products. Paul Bary. 144 pages, 40 illustra- 
tions, 16 tables. In linen, 30 francs. L’Edition Technique, Paris, Avenue Jean 
Jaurés, 61. 1928. 


By his lucid style and clarity of presentation in this small book, the French author, 
who is so well known through his numerous works in the field of rubber in general 
and in the colloid chemistry of rubber in particular, has made a noteworthy con- 
tribution to our present knowledge of reclaiming. The book is divided into the 
following chapters: vulcanized scrap, the theory of reclaiming, reclaiming by heat 
and alkali, the production of reclaimed rubber by the caustic soda process, com- 
plete reclaiming, reclaimed rubbers and their utilization. Each chapter contains 
exhaustive information on the literature of the subject. The references to the 
numerous patents on reclaiming are of particular interest. The book gives valuable 
hints to all who are or wish to be concerned with reclaiming, and to all who use re- 
claimed rubber in rubber mixings, and it will doubtless be instrumental in correcting 
the false ideas which prevail even today on the nature and value’ of reclaimed 
rubber. [Hauser in Kautschuk. ] 


Déchets et Régénérés. A new monthly review devoted exclusively to 
rubber scrap and reclaimed rubber. Published at 16 Rue des Saussaies, Paris. 
First number appeared June, 1929. Foreign subscription, 30 francs, 

The character of this new publication may be judged by quoting from the edi- 
torial in the first issue. “It was considered that it would be useful to every tech- 


nologist and industrialist concerned with the manufacture of rubber goods to re- 
ceive regularly, through a professional review, information covering all progress in 
the scrap and reclaiming industries. Original articles, reviews of foreign publica- 
tions, statistics, formulas, commercial data will be furnished by specialists and will 
contribute to some extent to facilitate the work of the manufacturer. By publish- 
ing well-tried processes and formulas the aim is to foster economy of manufacture 
and to aid in the advance of the industry.” [From Déchets et Régénérés. | 


Rubber Research Scheme (Ceylon). This is the seventh report of the 
Executive Committee to members and includes proceedings of the year 1928, ac- 
counts of the various committee activities, reports by the chemist. physiological 
botanist, mycologist, and that of the London Advisory Committee, and concludes 
with list of members, subscribers, and financial report. [From India Rubber 
World. 


Crepe Rolling is Bulletin No. 50 of the Rubber Research Scheme (Ceylon), 
by its chemist, T. E. H. O’Brien, M.Sc., A. I. C., Peradeniya, March, 1929. This 
little paper booklet of 30 pages contains a fund of information on crepe rolling, 
amplified by tests, tables, and formulas. There is also a brief bibliography. [From 
India Rubber World. 


British Colonial Office Reports on the Rubber Situation. Trade Information 
Bulletin No. 603, published by the Department of Commerce, Bureau of Foreign 
and Domestic Commerce, United States Government Printing Office, Washington, 
D. C., was compiled by E. G. Holt, Chief, Rubber Division. This 40-page paper 
booklet contains the original report of the Colonial Office (Stevenson) Committee, 
issued in May, 1922; the supplemental report of the Colonial Office Committee, 
issued in October, 1922; the edited statement of the Colonial Secretary in the 
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House of Commons in April, 1928; and the report of the Under-Secretary of State 
for the Colonies, issued in December, 1928. [From India Rubber World. | 


26th Annual Report of the Bureau of Science, Philippine Islands. Published 
by the Bureau of Printing, P.I. 1929. 81 pp. 

A survey of the diseases of Hevea rubber in Mindanao and Basilan, mentioned in 
this report to the Department of Agriculture and Natural Resources of the Philip- 
pines, indicates that the plantations, although harboring several of the major 
diseases, are in general in a thrifty condition as the result of close inspection and 
early eradication of minor outbreaks. [From The Rubber Age of New York. | 


The Rubber Exchange of New York, Inc., By-Laws and Rules has been 
issued recently in a new edition by the Rubber Exchange. It is a handsome book 
in loose-leaf form, bound in composition rubber covers, 5*/; by 7*/; inches. Its 
contents include: Officers, Governors, Committee Members; Charter; By-Laws; 
Trading Rules; Delivery Rules; Commission Law Rules; Rules Governing Arbi- 
tration; Index; and Clearing House By-Laws and Rules. 


Tubing, Rubber; Hose, Water, and Wash Deck; and Hose, Suction, Water 
(Smooth Bore) are United States Government Master Specifications 39c, 
48c, and 50b, respectively. These eight-page paper pamphlets are issued by the 
U. 8. Department of Commerce, Bureau of Standards, Washington, D. C., in ac- 
cordance with the revision promulgated by the Federal Specifications Board on 
December 8, 1928, and published by the Bureau of Standards. The contents deal 
with general specifications, grades, material, and workmanship, general require- 
ments, detail requirements, method of test, and analysis or inspection and sampling, 
packing, and marking of shipments, and notes. [From India Rubber World.] . 


Quality of the Cotton Spun in the United States (Year Ending July 31, 1928). 
A preliminary report by Peter M. Strang, Senior Cotton Technologist of the De- 
partment of Agriculture, Bureau of Agricultural Economics, Division of Cotton 
Marketing, Washington, D. C., June, 1929. This 16-page paper booklet contains a 
fund of information, supplemented by several tables, treating of the production and 
consumption of cotton. Special reference is made to the tire industry. [From 
India Rubber World. | 


Facts and Figures of the Automobile Industry, 1929 edition, is issued by the 
National Automobile Chamber of Commerce, 366 Madison Avenue, New York, 
N. Y. As usual this booklet contains much interesting data regarding the auto- 
mobile industry. The information is supplemented by tables, charts, and graphs. 
Paper, 5’/s by 8°/sinches. 96 pages. [From India Rubber World. | 


Tire Table of Balloon Tires and the Cars That Use Them. A circular issued by 
National Rubber Machinery Co., Akron, O., giving sizes of tires used in 1925-26- 
27-28-29, and the make of car using them. This is a valuable tabulation. [From 
India Rubber World. | 


The RMA Manual of Tire Repairing. Published by the Rubber Manufac- 
turers Association, Inc., 250 West 57th Street, New York City. 1929. 64 pp. 


Tire manufacturers some years ago realized the advisability of codperating to 
give the tire repairman the benefit of their combined experience and research work. 
In this, the third edition of this handbook published in as many years, several im- 
provements developed by the various companies have been incorporated. The 
manual is being distributed to repairmen throughout the country by the Tire 
Accessories and Repair Materials Committee of the Association. [From The Rub- 
ber Age of New York. ] 
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A Survey of Recent Literature on 
the Chemistry of Rubber 


Abstracts of Articles Pertaining to the Chemistry 
of Rubber Which Have Appeared in Foreign 
and American Journals 


The following abstracts are reprinted from the July 10 and 20, August 10 and 20, 
and September 10 and 20, 1929, issues of Chemical Abstracts and, with earlier and 
succeeding issues, they form a complete record of all chemical work published in the 
various academic, engineering, industrial, and trade journals throughout the world. 


New developments in the rubber industry. The Peachey process. F. Jacoss. 
Caoutchouc & gutta-percha 26, 14,506-9(1929).—A detailed description of the process 


and its latest developments. C. C. Davis 
Making rubber goods of latex by electrodeposition. Paut, Kiemn. Rubber 
Chem. & Technol. 2, 278-84(1929).—See C. A. 23, 2067. C. C. Davis 


The chemical constitution and the mechanical properties of rubber. LoTHaR 
Hock AND Guipo Fromanpi. Phys.-Chem. Inst., Univ. Giessen and Gummiwaren- 
fabrik, Poppe & Co. Kautschuk 5, 81-2(1929).—When synthetic isoprene-rubbers are 
treated electrically so that their viscosity, softening temp., mol. wt. and I no. increase 
to values similar to those of plantation rubber (cf. F., C. A. 23, 1009, 2323), their phys. 
characteristics also approach closely those of natural rubber. Moreover, a decrease in 
these consts. through elec. treatment of a high-grade natural rubber is accompanied by 
a loss of the most desirable properties of the rubber. ‘This suggested that the poorer 
phys. characteristics of certain lower-grade com. rubbers might be assocd. with a lower 
I no., 7. €., a lower degree of chem. unsatn. Purified rubber (by the Pummerer method) 
gave almost the theoretical I no. (872.8). Smoked sheet with 3.2% acetone ext. and 
0.4% ash had an I no. of 348. Kongo rubber with 5.9% acetone extn. and 1.7% ash 
had an I no. of 329. In the latter case the acetone-sol. part had an I no. of 24, so that 
with 5.9% ext., 1.4 units were to be subtracted from the I no. of the rubber, giving 
327.6 for the I no. of the rubber hydrocarbon. Dissolved in C,H, filtered, pptd. twice 
with acetone and once with EtOH, and dried im vacuo, the I no. increased to 351.4. 
The same results were obtained with a Peruvian rubber. This treatment did not re- 
move all impurities, and since the I no. approached so much nearer the theoretical value, 
it is doubtful whether there is any relation between the poorer phys. properties of the 
Congo rubber and its degree of unsatn., particularly since the elastic properties of 
rubber depend upon its colloidal state as well as upon its chem. constitution. This 
is also still more probable when the rubber is mixed with fillers, because the quality 
then depends upon the surface energy between the rubber and filler, which is governed 
by the phys. and chem. state of the rubber and the presence of melee —— 

. C. Davis 

Titanium dioxide in the rubber industry. RupotF Dirmar. Kautschuk 5, 79- 
81(1929).—The characteristics and behavior of TiO, as a rubber compounding ingre- 
dient are described. Among the properties which may be of importance are its ability 
to soften rubber notably during milling and the limitations in the choice of accelerator 
to obtain a strictly white vulcanizate when it is used as the only white pigment. 

C. C. Davis 

_ The effect of mixtures of crude ozocerite and ‘“‘Agerite” on the aging of rubber 
mixtures. F. KircuHor. Caoutchouc & gutta-percha 26, 14,501-3(1929).—Ozocerite 
and ‘‘Agerite” fused together to a homogeneous mixt. give a product which combines 
the antioxidant and plasticizing properties of each component. Excellent results were 
obtained with a mixt. contg. 3-5% ‘‘Agerite’”’ in ozocerite. Tests of vulcanized rubber 
which deteriorated rapidly with no antioxidant showed that its aging, judged by the 
deterioration of its phys. properties in air at 52° and at 75°, could be greatly improved 
by the addn. of the mixt. described, even when only enough of the mixt. was added 
to furnish 0.1% “‘Agerite” (by wt. of the rubber mixt.). This antioxidant effect was 
disproportionately great, for the 0.1% ‘“‘Agerite” added in this form gave the same 
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protection as 0.5% added alone, 7. e., with ozocerite mixts. the same effect can be 
obtained as with 5 times as much Agerite added in the ordinary way. Photographic 
observations with ultra-violet light of the deteriorated samples stowed that O pene- 
trated less into the interior of the samples contg. ozocerite-Agerite than into those 
contg. none and the deterioration in phys. properties was proportional to’ this pene- 
tration. ©. 
_ The thermochemistry of rubber. Srecrrrep Bostrém. Univ. Giessen. Rubber 
Chem. & Technol. 2, 259-74(1929).—English version of C. A. 22, 4271. C.C. Davis 
A thermodynamic theory of rubber fillers. LorHar Hock. Univ. Giessen. 
Rubber Chem. & Technol. 2, 275-7(1929).—An English version of Z. Elektrochem. 34, 
662(1928) (C. A. 23, 2321). C. C. Davis 
Pigment reénforcement. R. W. Lunn. Trans. Inst. Rubber Ind. 4, 396-412 
(1929).—In the present investigation energy is chosen as the criterion of reénforcement. 
In the past, pigments have been compared by the resilient energy values of rubber 
mixts. contg. equal vols. of the pigments, but in the present paper the total energy is 
analyzed into that pertaining to the rubber and that to the pigment. Expressed mathe- 
matically, if E4 is the total energy of a mixt. contg. a pigment A, er the energy of the 
rubber component, and e, the energy from x vols. of A, tren E4 = er + ea, and e,/x 
is the energy from 1 unit vol. of pigment, this e4/x value being a characteristic of the 
pigment. The object of the expts. was to det. e4/x at various conens. of pigment and 
at various elongations up to rupture. If x vols. of pigment are added to a cube contg. 
100 vols. of rubber, the new cube is (1 + x/100) times as large. Furthermore, if it is 
assumed that the pigment concentrates at 1 end of tke enlarged cube, when this cube 
is elongated, the rubber and pigment elongate to the same cegree, e. g., when the cube 
is elongated 100%, both rubber and pigment elongate 100%. There are objections to 
this analysis, but the energy value of the pigment independent of the energy value of 
the rubber component may be readily detd. up to the breaking point. Pptd. BaSQ,, 
ZnO, Thermatomic black and gas black were studied on this basis. An org. accelerator 
was not used in the base mixt., chiefly because of the influence of the pigments on it. 
The base mixt. was: rubber 100, S 3 and PbO 10.8. The rubber was plasticized to an 
extreme degree to minimize the variations in milling necessary with the different pig- 
ments. To the base mixt. were added various proportions of the different pigments, 
and the resulting mixts. were vulcanized for a time and at a temp. which corresponded 
to that cure which gave the max. resilient energy for the base mixt. The results are 
recorded in graphical form, including the change in plasticity of rubber on mastication, 
the tensile strength, elongation, stiffness and energy of the base mixt. cured to dif- 
ferent degrees, variations in the energy with concn. of the pigments, total energy-elonga- 
tion relations, concn. of pigment-elongation relations, pigment energy per unit vol. of 
pigment, and the change of pigment energy per unit vol. with the concn. These results 
admit of certain general conclusions. Up to a high concen. C black increased the total 
energy, ZnO and Thermatomic black increased it much less and the maxima were at 
far lower concns., and pptd. BaSO, increased it still less so, with its max. at a still lower 
concn. A comparison of the total energies at elongations below the breaking point 
shows that up to 50 vols. concn., BaSO, behaved like Thermatomic black and ZnO, 
while the C black showed much higher total energy values. With data on the base 
mixt. and on the loaded mixts., it was possible to calc. the energy due to the pigment, 
a vol. correction factor being used so that each mixt. was based on a unit vol. of rubber. 
The resulting curves of the pigments were similar to those showing total energy as a 
function of elongation. Finally the pigment energies per unit vol. of pigment are 
expressed graphically. In no case was there a sharp change in the mechanism of reén- 
forcement as the proportion of pigment increased, the ultimate reénforcement per 
unit vol. declining progressively with increase in concn., with no evidence of agglo- 
meration or of diln. With gas black and Thermatomic black, the reénforcement per 
unit vol. at definite elongations increased with increase in the concn., the effect being 
more marked with gas black. The reénforcement per unit vol. by ZnO increased less 
markedly above 10 vols. concn., while with BaSO, above 20 vols. concen. it reached an 
approx. const. value at each elongation. Natural barytes would probably have be- 
haved differently. The results show the sp. reénforcing power of the pigments at 
various concns. and elongations. The sp. reénforcing power of gas black and of ‘Ther- 
matomic black increased with the concn. and the elongation; with ZnO it increased in 
the same way but to a lesser degree, while the sp. reénforcing power of BaSO, reached 
a const. value for each concn. and elongation. This suggests that there may be pig- 
ments which, beyond a crit. point, should exhibit a progressively diminishing reén- 
forcing power. Curves of the ultimate energy values as the energy per unit vol. concn. 
of pigment show a trend toward 0 energy with increase of concen., suggesting that the 
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pigment energy may become 0, 7. e., act as a diluent, but that neg. reénforcement does 
not occur, where the energy of the rubber component is diminished. The curves ap- 
proach closely from 50 vol. concn. upwards, indicating that at high conens. no pigment 
has any notable advantage over any other pigment from the point of view of the energy 


imparted to a rubber mixt. C. C. Davis 
The coloring of rubber. W. J. S. Naunron. J. Soc. Dyers and Colourists 45, 
31-5(1929).—See C. A. 22, 4875; 23, 2068. T. G. HawLey, Jr. 


The behavior of Prussian blue and some other ferrocyanides in rubber. J. R. 
Scorr. Trans. Inst. Rubber Ind. 4, 374-95(1929).—An elaboration of C. A. 22, 2683. 
Preliminary expts. on plasticity, the results of which are to be reported later in greater 
detail, indicate that uncured rubber mixts. exhibit plastic flow so as to conform at 
least in an approx. way to the law: F = a(vc/s + f), where F is the shearing force, a 
tke area between parallel surfaces, v the relative velocity of the surfaces, ¢ the consis- 
tency, s the distance between surfaces and f the friction or yield value. C..C.D: 
Industriel applications of a terpene product. EmiILe ROUXEVILLE. Rev. gén. 
caoutchouc 6, No. 50, 9-12(1929).—The terpene product which has already been described 
as a valuable reclaiming agent (cf. C. A. 23, 1775) has a wide industrial application, 
e. g., in agglomerating ground cork, as an adjunct in the prepn. of rubber-leather 
mixts., impregnating cotton fabrics to improve the quality of ebonite, ete. C.C. D. 
Isoprene and rubber. XIV. Degradation of rubber and gutta-percha. H. 
STAUDINGER AND H. F. Bonpy. Univ. Freiburg. Ann. 468, 1-57(1929), cf. C. A. 
23, 2847.—An investigation is made of the degradation of rubber and gutta-percha 
by heat. The materials used were a raw rubber contg. about 5% protein, rubber 
purified by Pummerer’s method and gutta-percha obtained from a leaf gutta-percha, 
the CCl, soln. being centrifuged from impurities, filtered and pptd. with MeOH. The 
viscosity of a CsHs or PhMe soln. of gutta-percha was not affected by boiling but 
CsHisMez or CioHy solns. of this substance, as well as all 4 solns. of raw and purified 
rubber, underwent an appreciable change of viscosity, the change being the greater, 
the higher the b. p. of the soln. It follows that the rubber undergoes degradation at 
fairly low temps., whereas gutta-percha withstands higher temps. Degradation of 
rubber in boiling CsH;Mee produces gummy products, mol. wt. about 4200, while gutta- 
percha gives powdery substances, mol. wt. about 2500. Both products are regarded as 
being lower members of the 2 different series of which rubber and gutta-percha, resp., are 
complex members. In boiling C;y>Hy, further degradation does not take place, although 
cyclization of the open-chain residues takes place to some extent. It is only at temps. 
above 300° that both decomp. to give identical products. The degradation of raw rubber 
appears to be inhibited somewhat by the presence of the protein at temps. up to 142°, 
but at higher temps. it follows a course similar to that observed with purerubber. (With 
E. GEIGER.) The pyrogenic decompn. of gutta-percha begins at 285-90° and 11 mm., 
becomes vigorous at 300-15° and then ceases. Sixty g. of pure gutta-percha, heated 7 
hrs. at 300-10° and 11 mm., gives 57% distillate and 40% residue; the latter is a polycyclo- 
gutta-percha (C;Hs)x, mol. wt. in freezing CsHs, 1950, which contains 1 double bond (Br 
titration). Catalytic reduction with H and Ni givesa hydro deriv. (Co;Hw)z, mol. wt., 1930, 
n'® 1.5238. Raw rubber in boiling CioHy2 with HCI gives a cyclorubber, mol. wt. 2500, 
liquefying at about 123°, while gutta-percha gives a cyclo-gutta-percha indistinguishable 
from the rubber product. At lower temps., however, the 2 give different cyclization 
products. The cyclorubbers obtained in boiling CsH;Me, and PhMe have mol. wts. 
4000-12,900 and 14,000, resp. The cyclogutta-perchas obtained in boiling CsHiMe2, 
PhMe and CsHs Fave mol. wts. 2600-8100, 10,000 and about 8500, resp. Cyclization 
in PhMe at 20° gives different products with very high mol. wts. The heat-degrada- 
tion products of rubber and gutta-percha are hemicolloids, mixts. of polyprenes with an 
av. mol. wt. of 10,000, which are relatively stable. This explains the considerable soly. 
of the products, the fact that the mol. wt. does not vary with concn. and the fact that 
the viscosities of solns. of the products are roughly proportional to the concn. Rubber, 
on the other hand, is a eucolloid, consisting of a mixt. of polyprenes having an av. mol. 
wt. of 100,000. Even a slight temp. elevation causes degradation. ‘The macro-mol. 
is the colloid particle. The structures of the 2 compds. are discussed. Rubber con- 
tains about 1000 isoprene residues covalently united, and may be a trans-compd. The 
mol. of gutta-percha is smaller (about 300-500 isoprene residues), is more sym. and is 
Possibly a cis-compd. C. J. WEstT 
British standard specification for friction surface rubber transmission belting. 
Anon. Brit. Eng. Standards Assoc. (London) No. 351, 13 pp.(1929).—Specifications 
for construction, fabric, joints, freedom from defects, tolerances on width. Methods 
of testing for elongation, strength of fabric, adhesion and seam strip are given. E. I. S. 
Manufacture of rubberized cloth and attendant cloth dyeing problems. S. G 
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Byam. Am. Dyestuff Repir. 18, 15-23(1929).—Dry heat curing is.considered most satis- 
factory for rubberized fabrics. Testing of rubberized fabrics is discussed. Tentative 
fabric specifications for rubberized cloth are given. T. G. HAWLEY, JR. 
The nature of vulcanization. W. H. Stevens. J. Soc. Chem. Ind. 48, 60-2T 
(1929); ef. C. A. 22, 1703.—A crit. review and discussion of exptl. facts known about 
vulcanization leads to the conclusion that vulcanization is the phys. manifestation of 
the chem. combination of rubber with S (or other elements), the mechanism of which 
is a reénforcement by the resultant S reaction product, with or without coexistent sorp- 
tion. Thirty-five references are included. Cc. C. Davis 
Vulcanization and the structure of rubber. Heinrich Loewen. Kautschuk 
5, 77-9(1929).—A criticism of various features of an article by Lindmayer (cf. C. A. 
23, 2323). : C. C. Davis 
The tackiness of unvulcanized rubber. T. L. Garner. Trans. Inst. Rubber 
Ind. 4, 413-23(1929).—The expts. are concerned chiefly with the action of light on 
raw rubber and on rubber to which has been added a small proportion by as little milling 
as possible, and are in part an amplification of previous work by othe investigators. The 
tackiness of the samples was judged by their viscosities, a viscometer of the Ostwald 
type being used. In ordinary cases of exposure of raw rubber to air and light, tackiness 
and oxidation proceed concurrently, but it was possible to reduce the viscosity of a 
rubber soln. in the absence of O by exposure to ultra-violet light. Such a soln. gave 
on evapn. a depolymerized rubber which readily absorbed O. Introduction of a small 
quantity of O into a tube contg. rubber in an atm. of N gave on exposure a rubber ap- 
parently as tacky as if exposed to air. The only difference was that part of the rubber 
was rendered insol. The action of light was in part polymerization and in part de- 
polymerization, the extent of each depending upon the conditions. The presence of O 
was necessary for the formation of a tacky film, thus confirming expts. by Fry and Porritt 
(cf. C. A. 22, 4870). Little change in the soln. viscosity of rubber or its soln. took 
place when heated to 40° in the absence of light. Under the conditions of the expts., 
no insol. rubber was obtained by exposing solns. of uncompounded rubber in air, but 
in inert gases the formation of insol. rubber of the polymerized O-free type of Asano 
(cf. C. A. 19, 3616) was observed to increase with the time of exposure. The insol. 
rubber, formed when rubber protected by the addn. of an antioxidant was exposed to 
light, did not appear to be of this type, but rather the transparent oxidized rubber ob- 
tained by Asano. At the same time, the rate of oxidation, judged by the increase in 
acetone ext., did not progress to the same extent as with unprotected raw rubber. 
The protection against tackiness afforded by antioxidants is apparently unrelated to 
their value in preventing changes resulting from oxidation. Of importance in the 
technical use of antioxidants is the fact that they protect rubber in such a way that they 
prevent to some extent depolymerization and changes due to oxidation, thereby promot- 
ing the formation of an insol. polymerized rubber. This was not manifest in ordinary ex- 
posure. Thus an insol. layer of rubber was formed on the surface of the exposed rubber 
and the tackiness was destroyed. Consequently the use of much antioxidant in a 
rubber mixt. which must remain tacky where exposed in light in a factory for some 
time is inadvisable. On exposure to light, rubber mixts. contg. 1% antioxidant lost 
their surface tackiness much more rapidly than the corresponding mixts. contg. no anti- 
oxidant, the surfaces of the mixts. contg. antioxidant becoming dry and hard. ‘The 
results suggest a theory of tackiness. When raw rubber is masticated, part of the globules 
burst and simultaneously the rubber hydrocarbon depolymerizes, which reduces the 
soln. viscosity. ‘The tackiness of unmasticated rubber is due to the action of O upon 
the depolymerized hydrocarbon, and this tackiness cannot appear until depolymeriza- 
tion has occurred. Thus, on exposure of unmasticated rubber, the surface layer must 
first be depolymerized and then oxidized. In protecting rubber from depolymeriza- 
tion and subsequent oxidation, antioxidants permit the polymerizing action of light 
to become the predominant effect. Accordingly in a tacky rubber, repolymerization 
of the depolymerized-oxidized layer occurs to some extent, and the loss of tackiness is 
proportional to the extent of polymerization. In ordinary masticated rubber, the de- 
polymerized-oxidized rubber is distributed throughout the mass, but in certain cases 
only the surface is affected. Tackiness is destroyed by substances which migrate to 
the surface and form greasy films, e. g., stearic acid, or by substances which in any 
way promote the polymerizing action of light. Therefore, where tackiness is desired, 
conditions such as those described which favor this tendency must be eliminated. 
C. C. Davis 
Exploitation of Euphorbia in South Africa: examination of the rosin and rubber. 
W. Spoon AND M. vAN Roven. Ber. Afdeel. Handelsmuseum Ver. Koloniaal Inst. 34, 
3-14(1928).—The rubber made from the latex of E. dregeana and other Euphorbia 
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species has very little similarity to real rubber. From a sample of coagulum from 
the E. dregeana Bush rosin and rubber were prepd. ‘The former was very impure, 
being of a soft and a hard texture and of apparently no value, while the latter was a 
thin soft mass. The Hevea culture need not fear any competition from this source. 
J. C. JuRRJENS 
Belt dressing for eliminating static. P. W. Epwarps ANnp J. O. Reep. India 
Rubber World 80, 60(1929).—Static electricity can be eliminated from rubber or leather 
belts by the use of special belt dressings. A good non-static rubber belt dressing con- 
tains spar varnish 82, lampblack 18; it is allowed to dry before running the belt. For 
leather belts the following mixt. is especially good: liquid fish glue 100, glycerol 80, 
sulfonated castor oil 100, water 170, 2% NH,OH 20 cc. and lamp black 82 g., in some 
cases more fish glue and glycerol being advisable. Conditions favoring the production 


of static electricity and methods of preventing it are described. C. C. Davis 
The generation of rubber. R.L. Dupont. Rev. gén. mat. plastiques 4, 621-3, 
745-51(1928); 5, 237, 289(1929).—A review. A. PAPINEAU-COUTURE 


Rubber, with special reference to the use of lead compounds. J. R. SHEPPARD. 
Trans. Am. Inst. Chem. Eng. 20, 187-212(1928).—A review and discussion, with illus- 
trations and tabulated data, dealing with the phys. properties of vulcanized rubber, 
vulcanizing agents, accelerators and compounding ingredients, with particular reference 


to Pb compds. C. C. Davis 
Active fillers for rubber. Marja Sacajuo. Przemysl Chem. 13, 154-7(1929).— 
A review with bibliography. A. C. ZAcHLIN 


Coagulation phenomena in Hevea latex. VIII. Influence of some heavy metal 
salts on coagulation and coalescence. OTTO DE VRIES AND N. BEUM&E-NIEUWLAND. 
Arch. Rubbercultuur 13, 125-204(1929); (in English 205-18); cf. C. A. 23, 1771.— 
In studying the effect of MnSO,, CuSOu, NiSO, and HgCl, on coalescence and coagula- 
tion, the aq. salts were added to undild. latex, to latex dild. to various degrees and to 
heated dild. latex, with and without the simultaneous addn. of AcOH, the addns. to 
heated latex being for the purpose of detg. the influence of the salts on the coalescing 
power of fresh latex and of exts. contg. coalase. The results of the expts. are sum- 
marized in the following data, the arithmetical values representing in all cases the 
conen. of the salt in mg.-mols. per |. in the liquid in question: Coalescing power (in B 
mixt.)—MnS0O,, weak, coalescence in 24 hrs. by 35 and in 2 days by 10; NiSO,, no 
effect; CuSO., weak, coalescence in 24 hrs. by 64 and a trace of coalescence in several 
days by 32; HgCh, distinct, coalescence in 2.5 hrs. by 40-50, in 24 hrs. by 20 and a 
trace in several days by 2.5. Coagulating power—MnSO,, distinct, coagulation in 
undild. latex in 1-2 hrs. by 13, flocculation in dild. latex (1:9) by 7 and coagulation 
in undild. latex (1:9) in a short time by 33; NiSO,, distinct, coagulation in undild. 
latex in 0.25 hr. by 16, and in dild. latex (1:9) a clot in 0.25 hr. by 8; CuSOu,, distinct, 
in undild. latex a thickening or pasty condition by 10-20, coagulation in 24 hrs. by 30-60, 
and in dild. latex (1:9) flocculation by 2 and coagulation in a few hrs. by 30; HgCh, 
distinct, undild. latex became viscous with 5-10 and coagulated in 24 hrs. with 40, 
and dild. latex (1:9) flocculated with 1 and coagulated in 24 hrs. with 20. Effect on 
heated latex (1:9 B mixt.) without acid—MnS0O,, flocculation by 3.3, coalescence after 
3 days by 33, and after 2 days by 80; NiSO,, flocculation (with a white serum) by 2.4, 
flocculation (with a clear serum) by 40, with no coalescence; CuSO,, flocculation in 
24 hrs. by 8, rapid flocculation, by 64, coalescence after a few days by 46; HgCh, 
flocculation in a few hrs. by 0.5, coalescence in 1 day by 10, coalescence in a few hrs. 
by 40. Influence on coagulation by ACOH.—MnSO,, acceleration caused by 3.3 or more 
in undild. latex, and by 5-6 or more in dild. latex (1:9); NiSO,, acceleration caused by 
8-16 in dild. latex and by 2-6 in dild. latex (1:9); CuSO,, flocculation promoted 
with formation of a paste or porridge-like mass, but coalescence retarded by 0.8-4, 
and accelerated by 12-40, while in dild. latex (1:9) syneresis proceeded very slowly; 
HgCh, flocculation promoted as with CuSQ,, coalescence retarded more strongly than 
with CuSO, with 0.5-10, while 75 or more accelerated coagulation. Destruction of 
coalescing power of exts——MnSQ,, no effect, NiSO,, distinct, 40-80 diminishing the 
power greatly and 130-200 nearly destroying it altogether; CuSQ,, strong, the power 
being destroyed by 0.8 or more; HgCl, strong, 0.5 or more destroying the power. 
Spontaneous coagulation by bacterial acid formation—MnSOQ,, no effect; NiSO,, no 
effect; CuSO,, coagulation of undild. latex inhibited by 4, and of dild. latex (1:1) 
inhibited by 2; HgChk, coagulation of undild. latex inhibited by 5 and of dild. latex 
(1:1) inhibited by 0.75. CoSO, was not available, but tests of Co(NOs)2 indicated that 
it would have much the same properties as NiSO,y. The results show that the phe- 
nomena are varied and complicated. MnSO,, NiSO, and Co(NO;)2 showed in general 
the normal behavior of bivalent salts except that NiSO, in high concns. diminishes the 
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eoalescing power and has no coalescing power itself (whereas MnSQ, has a weak coales- 
cing power). CuSQ,, however, acts abnormally, particularly in that coagulation by 
AcOH is greatly retarded at certain concns. of CuSQ,, and in that the coalescing power 
of fresh latex and exts. is diminished or destroyed. HgCl: is also noteworthy in its 
power of destroying the coalescing power of fresh latex and exts. contg. coalase. AgNO; 
(0.6 and 1.2 mg.-mols. per 1.) did not coagulate dild. latex (1:1); in fact, spontaneous 
coagulation was retarded. Coagulation by AcOH is uninfluenced by 0.6 mg.-mols. 


and is retarded by 1.2 mg.-mols. It has a weak coalescing effect. C. C. Davis 
Volume compounding. F. Harris Corton. India Rubber J. 77, 583-4(1929).— 
A discussion of the principles. C. C. Davis 


China clay as a reénforcing agent in rubber compounding. T. J. DRAKELEY AND 
W. F. O. Pottetrr. Trans. Inst. Rubber Industry 4, 424-60(1929).—Since clays are 
cheaper than C blacks and can also be used in light-colored rubber products, an ex- 
tensive investigation was made of the suitability of china clays as reénforcing agents 
and the quality obtained in comparison with C blacks under the same conditions. 
The base mixt. contained: pale crepe 100, ZnO 5, S 4, diphenylguanidine 1, to which 
were added various proportions of the pigments. The phys. tests of the cured mixts. 
included the relation between tensile products and times of cure, the influence of temp. 
on the stress-strain curves, stress-strain curves and their comparative curvatures, 
resilient energy, the effects of softeners and the relative stiffness of the various samples. 
The data are given in detail in tables and graphs, and the results may be most readily 
summarized from the following conclusions: None of the clays retarded the rate of 
vulcanization, and some had a mild accelerating action. On the other hand, the C 
blacks had a retarding action. ‘The accelerating action of some clays was probably 
closely related to their alkali content, for equiv. quantities of Na,CO,; had the same 
effect. Small proportions of stearic acid did not influence the accelerating action of the 
clays, but did eliminate the retarding action of the C blacks. The extent of these 
accelerating or retarding effects was proportional to the quantity of pigment. The 
lower the temp. at which the mixts. were tested, the lower the elongation and the 
greater the tensile strength. Increasing proportions of clays displaced the stress- 
strain curve toward the stress axis in a way typical of reénforcing pigments. Up to 
18% by vol. (based on the rubber) the clays increased the tensile strength, and the 
best clays increased the tensile strength more than did equal vols. of the C blacks. 
Up to 25% by vol., the clays increased the resilient energy, the max. being reached 
at about 12%. These max. resilient energy values were greater than the corresponding 
ones with C black, but the clays failed to reénforce at such high loadings as the best 
C blacks. Small proportions of stearic acid did not influence the % vol. of clay or of 
C black at which the max. energy values occurred. With clays, stearic acid reduced 
the tensile strength and resilient energy values, whereas with C blacks it increased it. 
The slope of the stress-strain curve of the base mixt. was increased at first by clay or 
C black, but in some cases a max. was reached, beyond which the slope diminished with 
more pigment. ‘The stress required to obtain a given elongation does not represent the 
stiffness of a cured mixt., particularly when the effect of increasing proportions of pig- 
ments is taken into account. Stiffness is more satisfactorily expressed by the elonga- 
tion which a given stress produces. The C blacks increased the stiffness more than did 
the corresponding vols. of clays and, though stearic acid was without effect with small 
proportions of pigment, at higher proportions it further increased the stiffness. This 
stiffening action of the clays and C blacks had little relation to their effects on the 
tensile strengths. Clays did not increase the concavity factor (cf. Wiegand, C. A. 
19, 2423, 3386) of the base mixt. so much as did the same vols. of the C blacks. With 
increase in the % pigment, the effect on the concavity factor gradually diminished, 
while this factor was not affected by small proportions of stearic acid. C. C. Davis 

The influence of selenium red on the physical properties of accelerated rubber 
mixtures. Rupo.tF Ditmar. Chem.-Zig. 53, 239(1929).—A study of the action of 
Se red (cf. C. A. 23, 1526) on the phys. properties of rubber-S-ZnO-CaCO,-Se red- 
accelerator mixts. vulcanized with 19 different accelerators showed that it behaves 
like the com. grade of Se called “‘Vandex,” the reénforcing effect depending upon the 
accelerator and being inappreciable with some accelerators. C. C. Davis 

The behavior of the selenium preparation ““Vandex” in rubber mixtures. RupoLF 
DirMaR AND MANFRED RACHNER. Gummi-Zig. 43, 1583-4(1929).—Tests of the phys. 
properties of different cured rubber mixts. contg. Se (in the form of Vandex) show 
that (1) in a mixt. contg. rubber 100, S 5, CaCO; 20, Vandex 2, the Vandex stiffened the 
cured mixt., whereas with much higher proportions this stiffening action was diminished; 
(2) in a mixt. contg. rubber 100, S 5, ZnO or PbO or MgO 10, CaCO; 20, Vandex 2, 
the Vandex had a stiffening effect with ZnO, but had no effect with PbO or MgO; 
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(3) in a mixt. contg. rubber 100, S 3, PbO 10, CaCO; 30, accelerator 2, Vandex 2, the 
Vandex had a stiffening effect with some accelerators, whereas with others it had no 
effect; and (4) in a mixt. contg. rubber 100, $3, ZnO 10, CaCO; 30, accelerator 2, Vandex 
2, the Vandex had a high stiffening effect with some accelerators, whereas with other 
accelerators its effect was negligible. The accelerators with which Vandex showed 
a stiffening effect in conjunction with PbO were different in some cases from those 
accelerators with which it showed a stiffening action with ZnO. Therefore the stiffening 
action of Vandex depends upon the accelerator and other factors, and it must be detd. 
for the individual case. C. C. Davis 
The nature of vulcanization. IV. H. P. StevENs AND W. H. Srevens. J. Soc. 
Chem. Ind. 48, 55-9T(1929); cf. C. A. 22, 1703——A survey of the literature shows 
that there is still uncertainty concerning the max. proportion of S, which under the 
most favorable conditions will combine with rubber on vulcanization. Expts. were 
therefore carried out, under conditions different from those of previous investigators, 
to det. the max. limit of combined S. Prolonged vulcanization was carried out at 
100° by the aid of Zn diethyldithiocarbamate (cf. British Patent 269,693, C. A. 22, 
1498), which minimized the decompn. of the rubber. If the Zn diethyldithiocarbamate 
remained unaltered during vulcanization, it would be removed on acetone extn., whereas 
if it were decompd., ZnS would be formed. ‘The technic took care of each possibility, 
the acetone-extd. rubber having been analyzed directly for combined S, and the vulcani- 
zates also having been extd. with HCl in Et.0 toremoveany ZnS. The results were such 
that, even if all the Zn were converted to ZnS and allowance were made for this in the 
calens., the combined S of the hard rubber was considerably in excess of that correspond- 
ing to C;sHsS. Extn. of the hard rubber with HCI-Et,O mixt. removed part of the com- 
bined S; the greater the proportion of the latter the more was removed, but in all cases the 
proportion remaining was considerably greater than that corresponding to C;HsS. This 
was true whether the rubber was ordinary crepe, sprayed rubber or partially purified 
rubber, whether vulcanization was carried out in the ordinary way or by the solvent 
method of Whitby and Jane (cf. C. A. 20, 2763), and regardless of the excess S. With 
prolonged vulcanization, the proportion of combined S depended chiefly upon the excess 
of S. The H,S and other volatile S compds. evolved in appreciable quantities during 
vulcanization being considered, the results show that part of the combined S is accounted 
for by substitution of H by S. This substitution product is decompd. by the treat- 
ment with HCI-Et,0 mixt., though it is probably impossible to decomp. all of this S- 
substitution product. Consequently, any combined S in excess of that corresponding 
to C;sHsS may be the result of substitution. Degradation products contg. combined 
S were not formed, the brown substance remaining in the acetone ext. after removal 
of free S from the latter contg. no S compds. but probably being composed of decompn. 
products derived from non-rubber components. Even with continued acetone extn. 
for several months, small quantities of free S were still being removed. << 
New microscopic methods in connection with the problems of vulcanization. 
E. A. Hauser, H. MrgpEL M. HtneMOrvER. Colloid Symposium Monograph 
6, 207-17(1928) .—By means of a tiny vulcanization chamber, which is illustrated, 
vulcanization of the following mixts. was followed microscopically: (1) 100 rubber, 
3S; (2) same as (1) plus 5 ZnO; (8) same as (2) plus l accelerator. With (1), when 
undercured, S reappears as colloidal globules which grow and form dendrites. ZnO 
retards this process, dendrites being marked. Accelerators seem to prevent sepn. 
of the S, except at the surface (blooming), and may thus be recognized. Thiuram 
disulfide slowly forms needle-shaped deposits, which aggregate into half-moon shaped 
crystals of unknown compn. While (1) and (2) show marked flow at the beginning 
of vulcanization, (3) shows only slight flow, which stops abruptly. Ether-sol. a-rubber 
vulcanizes more slowly and requires a higher temp. than whole rubber, or 6-rubber. 
The view is advanced that vulcanization ‘(depends on minute traces of a substance 
present in crude rubber, a substance which firmly adheres to the a-fraction, so that 
it can be removed only after this fraction has been isolated from its original combina- 
tion in the rubber.” JEROME ALEXANDER 
The consumption of accelerator during vulcanization. L. v. WISTINGHAUSEN. 
Kautschuk 5, 57-61, 75-7(1929).—The extent to which accelerators of different types 
disappear during vulcanization was studied by curing accelerated base rubber mixts. 
with different proportions of S, with and without ZnO, and by detg. the proportions of 
accelerator remaining after increasing times of cure. The 2 accelerators chosen were 
diphenylguanidine (I) and mercaptobenzothiazole (II). Throughout the expts. they 
were used in the same proportion by wt. The stress-strain curves of the vulcanizates 
were also obtained to det. whether there is any relation between the stability or fugi- 
tiveness of an accelerator and its activity. In all cases the consumption of I and II 
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increased progressively with the duration of cure, approaching a max. in each case. 
All the results are given in graphical form, and it is this max. which shows most clearly 
the influence of the type of rubber, the type of accelerator, the % S, the presence or 
absence ‘of ZnO and the time of vulcanization on the extent of the disappearance of the 
accelerator. Without ZnO, I disappeared much more rapidly than II, and this was 
reflected in a greater accelerating power by I, the stress-strain curves showing stiffer, 
stronger vulcanizates for given cures. With other conditions equal (with or without 
ZnO, etc.), more I and II disappeared with Ist latex crepe than with sprayed rubber 
or Peru rubber. This had no relation to the phys. properties of the vulcanizates, for 
the stress-strain curves bore no relation to the accelerator consumption. ‘The dis- 
appearance of I and II was smallest without ZnO; with increasing proportions of 
ZnO (up to 12 parts per 100 parts of rubber) progressively higher proportions of I 
disappeared. The stress-strain curves showed that ZnO had an activating effect. 
Without ZnO, the higher the % S the greater the proportion of I but the less the pro- 
portion of II which disappeared. With ZnO, the higher the % S the greater the pro- 
portions of both I and II which disappeared. In all cases the rate of vulcanization 
(judged by the stress-strain curves) increased with the % S. The results indicate 
that the accelerating power depends in some way-upon its reactivity and disappearance 
in the reaction, rather than upon a catalytic effect. Where no appreciable part of the 
accelerator disappeared, there was no accelerating effect. The formation of com- 
plexes of accelerators and Co salts of unsatd. org. acids makes it probable that com- 
plexes of I and II with ZnO are formed during vulcanization. Such complexes would 
increase the soly. of the accelerator in the rubber, and would also increase the electro- 
positive state of the Zn and thus activate the S (cf. Scholz, C. A. 21, 2399). The 
increase in consumption of accelerator with increase in the % S indicates, furthermore, 
that S takes part in this complex formation. It is also possible that a rubber-accelerator 
compd. is formed. ‘The expts. were not carried far enough to find a relation between 
the consumption of accelerator and the increase of combined S (cf. Hardman and 
White, Gummi-Ztg. 1927, 305; cf. C. A. 21, 4098). Twiss has already found (Gummi- 
Zig. 1928, 2307; cf. C. A. 22, 2491; 23, 2070) that a combined S-cure curve gives no 
indication of the optimum cure, and similarly the present expts. show that there is 
no apparent relation between the progressively increasing consumption of accelerator 
and the changes in phys. properties. The consumption of accelerator was measured 
indirectly by detg. the residual accelerator extractable with hot acetone. Dein. of I.— 
Ext. 20 g. of finely divided rubber for 12 hrs. in a Soxhlet app. with acetone, evap. the 
ext., dissolve in Et.O, add 10 cc. of aq. 0.1 N HCl, evap. the ether, cool, filter, dissolve 
the residue in Et.O, treat as before with HCI; repeat this 3 times; wash the final residue 
with water; to the combined filtrates (not over 50 cc.) add 50 cc. of 1% aq. picric acid, 
let stand overnight, filter through a weighed Gooch crucible, wash with 5 cc. of water, 
and dry at 100°. With overcured vulcanizates the final picrate may have a dark brown 
color, and probably contains decompn. products. Dein. of IJ.—Ext. 100 g. of finely 
divided rubber for 12 hrs. in a Soxhlet app. with acetone, evap. the ext., dissolve the 
residue in 20 cc. of warm CsH,, filter, wash with CH; to the filtrate add an excess of 
3% filtered CsHs soln. of Cu oleate until the soln. remains green and let stand overnight; 
centrifuge, wash the ppt. with CsHs and then with petr. ether, dry at 140° and weigh. 
The reaction is: Cu(CisH2302)2 _> 2CisH3,02 CuC;H,NS, + C;HiNS, 
the CsH¢-sol. Cu salt which is formed being transformed into a C,H¢-insol. Cu salt 
and dibenzothiazoledisulfide (like the decompn. of Cu(CN). to CuCN and (CN).). 
In the Cu ppt. is 0.5 of the II, so that this must be multiplied by the factor 1.4556 
to obtain the quantity of II extd. by the acetone. C. C. Davis 
The oxidation of vulcanized rubber. A. vAN RossEM AND P. DEKKER. Rubber 
Age (N. Y.) 25, 85-8, 143-5(1929).—An English version of C. A. 23, 2598. C.C. D. 
Onazote. J.C.G. Kunuarpt. Bull. Rubber Growers’ Assoc. 11, 222-8(1929).— 
“Onazote’’ is a type of vulcanized rubber which has been made to absorb a neutral gas 
under pressure during vulcanization and is thus expanded into a highly cellular con- 
dition. The gas is retained under pressure, and the product may be molded into any 
desired form, and can be made soft and resilient, or hard. Unlike sponge rubber it 
is non-absorbent and has certain notable characteristics, e. g., (1) it is the best non- 
conductor of heat; (2) it is the lightest solid known (3-7 lbs. per cu. ft.); (3) the soft 
variety is by far the most compressible solid in existence and hag a recovery almost 
the same as that of air; (4) it is an extremely efficient absorber of shock and vibration; 
(5) it is probably the best non-conductor of sound; and (6) its great expansion during 
vulcanization allows better molding than ordinary rubber mixts. The unique proper- 
ties of Onazote make it of great value for a very wide variety of uses, many of those 
already tried or suggested being mentioned. C. C. Davis 
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Temperature coefficient of vulcanization of a litharge compound. J. R. SHEPPARD. 
India Rubber World 80, 56-60(1929); cf. C. A. 22, 4272.—Exptl. data on the stresses 
at intermediate elongations, tensile strength, ultimate elongation, tensile product, 
energy and free S of a mixt. contg.: rubber 100, S 8, PbO 15, stearic acid 1 and ZnO 44, 
vulcanized to different degrees, were utilized to construct graphs showing the time 
of cure as a function of the temp. for const. values of the 6 properties mentioned above. 
There were no significant differences in the temp. coeffs. for the several properties. 
The coeffs. of the various properties varied from 12.6 for strength at 300 and 600% 
elongations to 13.7 for tensile product, with an av. of 13.1, 7. ¢., to halve or to double 
the time of cure required a change of 13.1° F. This method may be applied to the 
study of vulcanization in general and to accelerator action in particular, e. g., the more 
exact evaluation of the suitability of an accelerator for low or high temp. cures, the 
comparative effects of various methods of curing (air, steam, mold, etc.), the insta- 
bility of accelerators to avoid scorching, comparisons of different activators with dif- 
ferent accelerators, the adsorption of accelerators by reénforcing agents, ete. C. C. D. 

Coal-dust firing in the rubber industry. Karu D’Huart. Kautschuk 5, 106-9, 
143-4(1929).—A description of recent developments, with diagrams ig ng 

. C. Davis 

What solvents are most suitable for the rubber industry? F. Borry, J. PaNem, 
WaLTER Hutcuinson, L. Stoim, GopEL AND C. SERVILLE. Rev. gén. caoutchouc 6, 
No. 51, 9-12(1929).—Comments. from different points of view, on the characteristics 
of well-known solvents and their individual advantages and disadvantages. 


C. C. Davis 
Zinc oxide for the rubber industry. Harry E. Ourcau.r. India Rubber World 
80, No. 4, 70(1929).—A general review and description. C. C. Davis 


Isoprene and rubber. XV. H. SraupincER. Kawtschuk 5, 94-7, 126-9(1929); 
cf. C. A. 23, 3372.—A detailed review and discussion of recent investigations by different 
experimentors on the chem. constitution of rubber, gutta-percha and balata. Numerous 
references are included. C. C. Davis 

The dispersion of carbon black in rubber. Comparison of the heats of wetting 
of raw rubber and different samples of carbon black. IL. Hock. Kautschuk 5, 147 
(1929).—Tests of the heats of wetting (cf. Hock and Bostroem, C. A. 21, 1835) of 2C 
blacks (Durex I extra and D 7 of Wegelin A.-G., Kéln) gave values of 7.12 and 3.89 
cals., resp., per g. of C black immediately after mixing. After standing, the heats of 
wetting increased, indicating that on standing combination between rubber and pigment 
progressed further. . C. C. Davis 

The dispersion of carbon black in rubber. Microscopic examination of carbon 
black in rubber mixtures. M. HUNEMORDER. Kawtschuk 5, 147-8(1929).—A study 
of the ease of dispersion and behavior during vulcanization of the 2 blacks examd. 
by Hock (cf. preceding abstr.) showed that Durex 1 extra is finer and can be dispersed 
better than the other black. During vulcanization the finer black dispersed still 
more until plastic flow ceased, whereas the coarser black retained its original state of 
dispersion. C. C. Davis 

Dispersion of pigments in rubber. IJ. Ernst A. Grenguist. Ind. Eng. Chem. 
21, 665-9(1929); cf. C. A. 22, 4875.—Expts. are described which show the microscopic 
structure of raw rubber under various conditions, the size and shape of C black particles, 
the wetting capacity of C black in water and in rubber and the behavior of rubber 
resins, S, ZnO, C black, stearic acid and accelerators in rubber during heating and 
during vulcanization. Reénforcement of rubber by a pigment depends upon 3 funda- 
mental factors: (1) the free surface energy of the system, which is governed to a con- 
siderable extent by the size, shape and uniformity of the particles and their dispersion; 
(2) the intensity of wetting of the pigments by the rubber or of the rubber by the pig- 
ments, which is governed by the state of dispersion, the nature of the surfaces of rubber 
and pigment and the surface-active substances adsorbed at the interface; and (8) the 
strength of the rubber matrix, which is governed by the degree of polymerization, the 
state of globular structure and the action of dissolved substances and compounding 
ingredients. C. C. Davis 

The electrokinetic potential of rubber. B.N.GuHosH AND P. STAMBERGER. Kaut- 
schuk 5, 99-100(1929).—A preliminary note. The electrokinetic potential of rubber 
with water and 7 solns. of different concns. was measured, the electroéndosmotic 
capillary transference method with a modified form of the app. described by Briggs 
(cf. C. A. 13, 1784) being used. The rubber capillaries were prepd. from latex and a 
CeHs soln. of rubber, the same results being obtained in each case. Measurements 
were made at 200 v. in the usual way. ‘The elektrocinetic potential ¢ was calcd. from 
the formula ¢ = 4xnvl/(ERq), where 7 is the viscosity of the liquid, v the quantity of 


liquid transferred per sec., E the voltage (200) and //q the ratio of the length to the 
cross section of the capillary. The following ¢ values were obtained, the data giving 
the normality of the soln. and the ¢ value in v., resp.: water—, —0.038; NaOH 
0.005, —0.048; 0.010, —0.048; 0.025, —0.067; 0.50, —0.060; 0.100, —0.072; NH.OH 
0.08, —0.045; 0.82, —0.059; 0.76, —0.066; HC1 0.033, —0.021; 0.05, —0.023; AcOH 
0.23, —0.038; 1.0, —0.052; 2.0, —0.059; KCl 0.02, —0.031; 0.04, —0.028; BaCl, 
0.01, —0.019; 0.03, —0.015; Th(NOs;), 0.1, 0.015; 0.8, 0.019. To what extent 
the electrokinetic potentials measured in this way correspond to those of rubber latices, 
and in what way the potential and stability are influenced by changes in compn. are 
being investigated. The expts. are also to be continued with other substances. 


C. C. Davis 
Mechanical tests of rubber and probabilities. R.Fric. Rev. gén. caoutchouc 6, 
No. 51, 3-8(1929).—See C. A. 22, 4870. Cc. C. Davis 


Some observations on rubbers with low nitrogen content. A. D. CUMMINGS AND 
L. B. Sepretyt. Ind. Eng. Chem. 21, 553-7(1929).—Rubber cannot be prepd. free of 
N by the method of Pummerer and Pahl (cf. C. A. 22, 885) even by continuing the treat- 
ment with NaOH for twice as long as recommended by P. and P. The residual 0.004— 
0.009% N is not protein N, since it can be removed by extn. with acetone to a point 
where it is so low that it cannot be detd. precisely by the colorimetric method with 
Nessler soln. Comparison of the results of vulcanizing protein-free rubber with the 
corresponding results with untreated rubber, and with the results of previous researches, 
shows that the rate of vulcanization is const. for different conditions of coagulation. 
Furthermore, the quality of vulcanizates low in N is very good compared with the 
quality of the corresponding controls and earlier expts. described by Dinsmore (ef. 
C A. 21, 194). The variation in the rate of vulcanization and in the quality noted 
by D. was, therefore, a result solely of the condition of the rubber protein resulting 
from the fx value during coagulation. After extn. with acetone, protein-free rubber 
is practically free of N, and it vulcanizes slowly, giving vulcanizates of poorer quality 
than the corresponding ones obtained from the unextd. protein-free rubber This 
effect may, however, not depend wholly upon the absence of N compds: Protein- 
free rubber can be compounded and cured so that vulcanizates of good quality are 
obtained, so the protein is not an essential factor governing the phys. properties of 
vulcanized rubber. ‘The condition of the protein does, however, influence the rate 
of vulcanization, and consequently affects indirectly the quality of the vulcanized 
rubber. Cc. C. Davis 
A new flexing machine for rubber. Puritip M. ToRRANCE AND LESTER C. PETER- 
son. India Rubber World 80, No. 4, 62(1929).—The new app., which is described 
and illustrated, is designed to imitate the cracking of tire treads in service. Results 
show a qual. agreement with road tests. Based on these lab. tests, it was found that 
some antioxidants reduce tread cracking, whereas others have no such beneficial in- 
fluence. The conditions during processing and the modulus also influence the tendency 
to crack. ‘‘Cold checks’’ and grain cause premature cracking, phenomena which are 
probably related to the premature cracking at the junction of the tread and sidewall 
of a tire. The app. should be particularly useful in studying temp. effects. 
C. C. Davis 
Sipalin, a new light colored plasticizing agent for rubber. Rupotr Ditmar. 
Gummi-Zig. 43, 1932-3(1929).—Plasticizing agents marketed under the name “Sipalin” 
(Deutsche Hydrierwerke A.-G., Berlin-Charlottenburg) are esters of adipic acid, e. g., 
Sipalin AOM is the methyleyclohexyl ester of adipic acid and Sipalin MOM is the 
methyleyclohexyl ester of methyladipic acid. They are very effective softeners in 
that they shorten the time of mixing and allow the use of higher proportions of such 
pigments and fillers as C black without detriment to the quality. Cc. C. Davis 
Fossil rubber. E. KinpscuHEer. Kautschuk 5, 98-9(1929).—The geological dis- 
covery of vulcanized rubber in brown coal deposits (cf. K., C. A. 18, 2862; Gothan, 
C. A. 19, 1240; 22, 933) is of great interest from a practical ‘point of view, for it shows 
that when rubber is completely protected from oxygen it remains in good condition 
for many thousands of years. Cc. C. Davis 
Physical characteristics of sponge rubber. H. F. Cuurcu. Trans. Inst. Rubber 
Ind. 4, 533-42(1929).—Data on the phys. properties of sponge rubber are—-very few. 
In the present paper an attempt was made to develop a test which would allow accurate 
measurements and at the same time give a reliable judgment of the quality. Tensile 
strength tests cannot be made directly and they do not represent conditions prevailing 
in use. Methods were developed for detg. the ‘ ‘cellularity,” compressibility and per- 
manent set. ‘Tests on sponges of different types showed that, in contrast to other types 
of rubber products, the phys. properties of sponge rubber are governed more by the form 
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of the cell structure than by the phys. properties of the rubber itself. Consequently, 
the quality of sponge depends relatively little on the compn. of the vulcanizate or on 
its degree of cure. However, other factors which do depend upon these properties, 
e. g., the aging, are of importance. Photomicrographs of different forms of sponging 
are shown. C. C. Davis 
Aging tests for sponge rubber. Henry P. Stevens. Tvans. Inst. Rubber In1. 4, 
486-92(1929).—When rubber sponge is compressed laterally between metal plates 
and heated at 70° for 2-3 days, the rubber does not recover when the pressure is re- 
leased, but retains the forms of a flat sheet from which test pieces can be cut and tensile 
tests obtained. ‘Twelve different types of sponge were aged in this way for 1 month 
and the progressive changes in tensile properties detd. ‘The same samples were aged 
for 1 week without compression and consequent protection, and the changes in org. 
acetone ext. detd. The quant. tests revealed wide differences in properties after the 
artificial aging, not only among different makes but among different samples from the 
same source. ‘The tests conformed to the results obtained by general examn. and 
hand tests before and after the artificial aging. Cc. C. Davis 
The double refraction of stretched rubber. W. C. vAN GEEL AND J. G. EYMERS. 
Z. phys. Chem., Abt. B, 3, 240-6(1929).—Though the double refraction of rubber has 
already been measured (cf. Ann. Physik 43, 808(1891); Rossi, Rend. accad. sci. Napoli 
[3], 16, 125, 142(1910); Nuovo cimento [5], 20, 226, 268(1910); [6], 2, 151(1911)) 
no relation between elongation and double refraction has been described. Accordingly, 
expts. were carried out to ascertain the existence of such a relation. Films of raw 
rubber, prepd. by drying fresh latex, were examd. witha Babinet compensator. Rubber, 
which had been plasticized by milling, was also examd. in a similar way. With elastic 
rubber under a const. stress, the elongation reached a const. value in a very short time. 
When equil. was thus reached, the double refraction was measured. New samples 
were used for each increased stress, for with the same sample a repeated stress of const. 
magnitude gave increasing double refractions. ‘The curves showing double refraction 
as a function of stress were very similar to those showing the double refraction of liquid 
crystals as a function of field strength in a magnetic field (cf. Ornstein, C. A. 18, 2827). 
An anisotropic alignment of mols. like that suggested by Ornstein probably exists in 
the stretched rubber. On this assumption, analogous curves were constructed, with 
the b value of the Ornstein formula proportional to the elongation. Comparison of 
these curves with exptl. curves showed agreement up to a certain stress. Above this 
limiting stress, the double refraction increased progressively with increase in stress in a 
strictly linear relation. This linear relation began in all cases at just the same stress 
(6 kg. per sq. cm.). The elongation being plotted as a function of stress, the curve 
showed that at this same stress, which corresponded to 70% elongation, the relation 
between elongation and stress became strictly linear. This crit. value of 70% elongation 
is the point at which an x-ray fiber diagram was first obtained (cf. Katz, Naturwissen- 
schaften 1925, 110), and so this point is a characteristic of raw rubber. It probably 
depends, however, upon the compn. of the rubber and upon the temp. With raw rubber 
which had been plasticized, there was no equil., a const. stress causing elongation which 
increased progressively. Double refraction was a linear function of the stress, as 
with certain liquids. When the plasticized rubber was held at a const. elongation, 
the double refraction diminished with time, rapidly at first, but more and more slowly, 
leaving a residual pos. double refraction and also a residual stress. This residual 
double refraction and residual stress were almost wholly independent of the initial 
elongation. C. C. Davis 
The value of reclaimed rubber in tread stock. C. W.SANpDERSON. India Rubber 
World 80, No. 4, 53-6(1929).—A typical high-grade tread stock contg. no reclaim and a 
stock contg. a high proportion of whole tire alkali reclaim were blended in different 
proportions (0, 25, 50, 75, 100%); the resulting vulcanizates were tested for their 
relative resistances to abrasion and for other phys.. properties, including resistance to 
tear, fatigue effects, tensile strength and elongation. ‘The results on the different 
vulcanizates are compared on an abs. basis (cf. Vogt, C. A. 22, 1058) and on a basis of 
the relative cost per unit of abrasion. The value of reclaim varied from 25 to 42% 
of the value of new rubber, the highest value being obtained with the stock contg. 
no new rubber. With rubber at $.20 per lb., the relative cost of the reclaim per unit 
of abrasion was above that of rubber in all the stocks, while with rubber at $.40 per Ib., 
the relative cost of the reclaim was less than that of rubber when there was more re- 
claim than rubber present. Road tests agreed well with the lab. tests. Tensile strength, 
lamination tear and abrasion with 30% slip gave the best indication of road wear. 
C. C. Davis 
Chemical reactions in rubber compounds. I. Reactions between pine tar and 
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litharge. W.H. Reece. Trans. Inst. Rubber Ind. 4, 526-32(1929).—The expts. are 
the beginning of an investigation to ascertain what reactions, other than those involving 
rubber, S and accelerators, take place during vulcanization, knowledge of which is very 
scant. A com. pine tar with d. 1.07, neutral oils 50.9%, water 1.4%, carbonaceous 
substances 0.8%, acids (by difference) 46.9% were used. When PbO and anhyd. pine 
tar were refluxed in CsHg for 24 hrs., a reaction ensued with evolution of water (2.45 g. 
per 100 g. pine tar) and formation of Pb soaps (corresponding to 30.37 g. PbO per 100 g. 
pine tar). Similar rubber-pine tar (100:15) mixts. prepd. in the same way with and 
without PbO were let stand 24 hrs. and their plasticities (extrusion at 85°) detd. The 
values were 11 and 2.3 sec., resp., showing the pronounced hardening resulting from 
the reaction of PbO and pine tar. When the 2 mixts. were heated at 70°, that with 
PbO remained stiff, whereas the mixt. without PbO showed plastic flow. ‘The acetone 
exts. were 9.11 and 15.81%, resp., from which calcns. show that 43.3% of the pine tar 
combined with PbO (any reaction between PbO and rubber resins being disregarded). 
By a special exptl. technic, it was found that when a mixt. of rubber 200, S 6, PbO 30, 
pine tar 30 was vulcanized, 1.31 parts of water was evolved, compared with 1.17 
in the absence of rubber (loc. cit.), the excess probably arising from a reaction between 
PbO and rubber resins. The results in general show that PbO and pine tar react in a 
rubber mixt. in essentially the same way that they do in the absence of rubber. The 
values conform with the assumption that the pine-tar acids react with PbO to form 
soaps. C. C. Davis 
The distribution of ingredients in rubber mixings. H.Pacr. Trans. Inst. Rubber 
Ind. 4, 521-5(1929).—The unforeseen results obtained by Reiner (cf. C. A. 22, 2290, 
2855) on the homogeneity of factory rubber mixings induced P. to make similar analyses. 
The results disprove the general conclusions of R. Detns. of the free S and the ash of 7 
different types of rubber mixings before and after calendering showed variations which 
were all well within a fraction of 1%, and which proved, therefore, that with ordinary 
care in factory mixing, no such variations as reported by R. are at all necessary. 
C. C. Davis 
Studies in the oxidation of rubber mixings. W. Ceci, Davey. Trans. Inst. 
Rubber Ind. 4, 493-8(1929).—Vulcanized rubber mixts., unaccelerated and accelerated, 
were cured to different degrees, were then aged in a Geer oven at 70° and the increase 
in wt. and changes in acetone ext. detd. as deterioration progressed to an advanced 
stage. In some cases before aging, the vulcanizates were extd. with acetone, in other 
cases with acetone and then with CHCl;. In still other cases the vulcanizates were given 
alternate periods of aging and extns. with acetone. Unextd. vulcanizates—The higher 
the % combined S, the more rapid was the increase in wt. after a given period of aging. 
During the early stages of deterioration the higher the combined S, the higher the 
org. acetone ext., whereas in more advanced stages of deterioration the samples with 
the lowest combined S had the highest org. acetone exts. The formation of acetone- 
sol. substances was very slow at first; it then became rapid and finally became slow 
again. Acetone-extd. vulcanizates—Oxidation was rapid, while the acetone-sol. sub- 
stances increased to a max. proportion and then diminished to a value which remained 
const. over a long period of subsequent aging. In the early stages, the vulcanizates 
with the highest combined S showed the highest proportion of acetone-sol. substances, 
but on further aging these with the lowest combined S eventually yielded the highest 
acetone ext., so that the higher the vulcanization coeff., the lower the ultimate propor- 
tion of acetone-sol. substances. For a given increase in wt., the vulcanizates with the 
highest combined S gave the smallest acetone ext. Acetone and CHCl;-extd. vulcant- 
zates—Oxidation was still more rapid, and the increases in wt. and in acetone-sol. 
substances were higher throughout than those of the corresponding vulcanizates extd. 
with acetone alone. Repeated aging and extn—A vulcanizate alternately aged and 
extd. with acetone and CHC1; gave a final insol. residue contg. more O (25.41%) than 
the same sample alternately aged and extd. with acetone alone (residue contg. 19.15% 
QO). In the early stages of oxidation, the vulcanizate with highest combined S yielded 
the highest acetone ext., but in the more advanced stages of oxidation, the converse 
was true. Aging of the acetone ext—On heating at 70°, the acetone exts. gained wt. 
and became insol. The longer the vulcanizates had been aged before extn. with acetone, 
the smaller were the subsequent gains in wt. of the exts. Aging of the CHCl; ext—On 
heating at 70°, the CHC1; exts. gained wt. and became insol. in ordinary org. solvents. 
A vulcanizate accelerated with diphenylguanidine oxidized much more slowly than the 
corresponding rubber-S mixt., but gained more ultimate wt. and had a higher ultimate 
acetone ext. The results in general show that there are 3 stages of oxidation: (1) 
a slight oxidation, with formation of acetone-sol. substances; (2) an intermediate 
stage, characterized by a rapid gain in wt. and relatively slow formation of acetone-sol. 
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substances; and (8) a period characterized by an increased rate of formation of acetone- 
sol. substances, but a const. rate of absorption of O. ‘The change of acetone-sol. to 
acetone-insol. substances is probably reversible. The 3rd stage is not reached in 
ordinary practice, while the 2nd stage is the most important, for then the resinous 
components polymerize and become insol., with resultant brittleness. ; 
Rubber solutions. CACcHTEM. Gummi-Zig. 43, 2099-102(1929).—A review and 
description, dealing with the prepn., phys. properties and uses of rubber solns. 


C. C. Davis 
Is latex a solution of rubber? Fin1G. A. Enna. Gummi- Zig. 43, 2043-4(1929).— 
A discussion of the colloid chemistry of latex. C. C. Davis 


Concerning antioxidants. T.1. GARNER. India Rubber J. 75, 623-4, 634(1929); 
cf. C. A. 23, 1772.—For ascertaining the general characteristics of an unfamiliar anti- 
oxidant, the following mixt. is recommended: pale crepe 100, S 3.5, diphenylguanidine 
1, ZnO 3, antioxidant 0.5-1. The vulcanizates should then be tested in a manner 
which simulates service conditions in the closest practical way. ‘This latter manner 
of procedure is very important, for there may be little or no relation between the relative 
merits of 2 antioxidants in preventing oxidation in darkness, cracking from repeated 
stresses, changes due to sunlight, resistance due to heating or abnormal deterioration 
caused by overcuring. ‘Tendencies to stain or discolor may also be determinant factors. 
Tests by G. show that, contrary to general belief, antioxidants have a protective action 


on gutta-percha and balata. C. C. Davis 
The automatic control of vulcanization. Matutas Mour. Kautschuk 5, 114-6 
(1929).—An illustrated description of app. for temp. control. C. C. Davis 


An attempt at a rational classification of the principal accelerators of vulcanization. 
G. MARTIN AND R. THIOLLET. Caoutchouc & gutta-percha 26, 14,494-7; Rubber Age 
(N. Y.) 25, 201-2(1929).—The object of the study was a classification based not only 
on activity, but also on other important characteristics of accelerators (cf. Dinsmore 
and Vogt, C. A. 22, 4273, 4876), viz. (1) the time required for the ‘‘fixation’’ of rubber 
mixts. at different temps.; (2) the time required at different temps. to effect a cure 
with the max. mech. properties; (3) the aging; and (4) the plasticizing power of the 
accelerators and the influence of different charges on their action. The present paper 
deals with (1) and (2). The following base mixt. was used: pale crepe 100, S —, 
accelerator —, ZnO 5, palm oil 1, stearic acid 0.5. To define the point of fixation, 
a mixt. was fixed when (1) without being cured it could be removed from an Al mold 
without sticking and without distortion; (2) cut surfaces could be reunited; and (3) 
just before the crit. point the mixt. softened when carried quickly to higher temp., 
and just beyond the crit. point the mixt. acquired more nerve when its temp. was 
raised. ‘The point of fixation thus indicates the tendency to “‘scorch.” By plotting 
temps. as ordinate and times of fixation as abscissa, a series of curves showing the 
characteristics of each accelerator according to the rate of fixation of mixts. contg. 
the accelerators was obtained. ‘The accelerators which were tested fell into 6 general 
groups, typified by (1) Zn isopropylxanthate, (2) Zn methylphenyldithiocarbamate 
(I), (3) thiocarbanilide (II) and ethylidene-aniline (III), (4) mercaptobenzothiazole 
(IV) and tetramethyithiuramdisulfide (V), (5) p-nitrosodimethylaniline and disubsti- 
tuted guanidines, and (6) triphenylguanidine (VI), anhydroformaldehydeaniline (VII) 
and anhydroformaldehyde-p-toluidine. Those in (1) caused rapid fixation even at 
low temps.; those in (2) caused slower fixation so that they can be used with caution 
in milling operations; those in (3), (4) and (5) caused progressively slower fixations 
and are still safer; and those in (6) caused fixation only at relatively high temps. V 
is peculiar, however, in that, when once begun, fixation is extremely rapid, an almost 
“explosive” vulcanization taking place, with resulting danger of scorching. This 
classification according to the rapidity of fixation or ‘‘precocity of action’’ serves to 
distinguish accelerators, e. g., II and VI, or III and diphenylguanidine (VIII), which 
are ordinarily regarded as similar. Different effects were obtained with combinations 
of accelerators, mixts. in some cases being more precocious than their components. 
Thus with 3% S and 0.7% VIII the mixt. was not fixed at 105°, whereas with 2.5% 
S$, 0.4% VIII and 0.3% IV the mixt. was fixed still more rapidly ‘at 105°. Therefore, 
mixts. of 2 accelerators may be more precocious than either of the components. On 
the other hand, it is possible to retard the precocity of action of rapid accelerators 
by the simultaneous use of another. Thus with 1.8% S and 0.7% I, the mixt. was 
fixed at 100° in 10 min., whereas if 1% VII is added, fixation at 100° occurred only after 
30 min. The addn. of accessory ingredients changes these quant. relations, but the 
results show that it is possible to det. the most suitable degree of acceleration for a 
rubber mixt. for any particular operating condition. Cc. C. Davis 
Tetramethylthiurammonosulfide and tetramethylthiuramdisulfide. . HENRI Lepuc, 


exii 
Rev. gén. caoutchouc 6, No. 51, 20(1929).—-Certain important advantages of tetramethyl- 
thiurammonosulfide (I) over tetramethylthiuramdisulfide (II) are cited, including 
the fact that I is far less active than II below temps. around 115° but just as active 
above this range, which allows far greater ease of handling uncured rubber mixts. contg. 
I and allows the prepn. and storage of master batches of I. Contrary to Esch (cf. 
©. A. 23, 1526, 2323) the activity of I is not impaired by the ane, *. _—. 
. C. Davis 
Professional saturnism in the rubber industry. F. Hem pg Barsac, E. AGASSE- 
LAFONT AND A. Fem. Chimie & industrie Special No., 739(Feb., 1929).—Investiga- 
tions carried out in 2 plants showed that danger of saturnism exists in the rubber in- 
dustry, but that it can be prevented by the usual prophylactic measures. A. P.-C. 
Plasticity determinations in crude rubber. VII. Relation between structure and 
plasticity of rubber prepared in different ways. O. DE VRIES AND N. BEuME&E-NIEUW- 
LAND. Arch. Rubbercultuur 13, 283-353(1929). (In shorter form in English 354-70.)— 
Numerous papers in recent years on the relation between the structure of raw rubber 
and its plasticity have contained interesting hypotheses dealing with the structure 
of the globules, but have not been supported by exptl. data. On the other hand the 
investigations of de V. and his collaborators have dealt with the influence of the non- 
rubber substances and with different methods of coagulation and prepn. These latter 
investigations have been recently reviewed (cf. C. A. 22, 2077; India Rubber J. 75, 
511(1928)), while the present paper is also a crit. review and discussion in amplified 
form, with tables of quant. data, and with numerous references. This long discussion 
leads to certain general conclusions. ‘The sol. serum substances have a marked effect 
on plasticity, rubber with a high content of serum substances becoming harder during 
storage, whereas rubber with a low content sometimes becomes softer on storage, and 
when creped is softer even when fresh. ‘The substances which are pptd. from the serum 
during coagulation (the network of proteins) have little influence on plasticity. Cen- 
trifuging and washing the cream gives a plastic rubber which has no tendency to be- 
come tacky or to deteriorate on storage, so that this seems one of the few practical 
ways of obtaining a more plastic raw rubber. Swelling with org. solvents, such as CsHe 
and PhMe, which causes fusion of the rubber globules and union into large units, has 
an unexpectedly little influence on plasticity, not only when latex is treated with the 
solvent but also when rubber is dissolved in the solvent and recovered by evapn. ‘This 
phenomenon is worthy of further study because of its importance in explaining the 
relation between the structure of rubber and its plasticity. C. C. Davis 
Importance of temperature and humidity control in rubber testing. II. Resis- 
tance to abrasion. W.A.Grpsons, etal. Ind. Eng. Chem., Anal. Ed., 1, 174-80(1929); 
cf. Partenheimer, C. A. 22, 511; 23, 1306.—The earlier investigation was continued with 
a study of the influence of the temp. and of the relative humidity between mixing and 
curing on the resistance to abrasion. Four different types of mixts. were tested on two 
different abrasion machines. ‘The results, which are recorded in tabular and graphical 
form, and are discussed in detail, admit of certain general conclusions. In detg. re- 
sistance to abrasion, the temp. should be controlled within 1° to avoid significant errors 
from this cause. The relative humidity at which either an uncured or cured mixt. 
is maintained need not be considered in comparative tests, though when the relative 
humidity varies over an abnormally great range, greater precision may be attained 
by conditioning uncured and cured mixts. The temp. at which vulcanizates are ordi- 
narily stored has little effect on their resistance to abrasion. C. C. Davis 
The influence of the temperature on the strength of fabrics. L. Stott. Gummi- 
Zig. 43, 2218-21(1929)—The results are of importance in rubber manuf. because of 
the heating which fabrics undergo during vulcanization. Samples of a fabric cord 
were heated at 60°, 80°, 100°, 110°, 140°, 150°, 170°, 200° and 220° for 0.25, 2, 4, 6, 
8 and 15 hrs. and the elongation and breaking strength before and after the heating 
detd. The exptl. results, which are recorded in tables and graphs, admit of certain 
general conclusions. The higher the temp. and the longer the time of heating the 
greater is the loss in breaking strength and in elongation. Even after 15 min. of heating, 
there was a considerable loss of strength, viz., around 4% at 100°, 12% at 150° and 
20% at 200°. Up to 110° the loss in elongation and strength may be considered rela- 
tively small, while at 140-150° the loss of strength becomes considerable, e. g., around 
15% after 2 hrs. C. C. Davis 
The action of sulfammonium on rubber. R.Fric. Chimie & industrie Special No., 
538-9(Feb., 1929).—NHs was condensed on S at —80°, a strip of rubber was introduced 
into the tube, which was then sealed; after 48 hrs. the tip of the tube was broken and 
during the rapid evapn. of NH; the rubber gradually swelled till it practically filled 
the tube, its surface became coated with pulverulent S, and as the NH; escaped by 
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diffusion it gradually regained approx. its original size, though still retaining a notable 
deformation. The feel, detn. of combined S, swelling in benzine and mech. strength 
tests indicated it had undergone at least a slight partial vulcanization, which F. attributes 
to the action of the nascent S liberated in the decompn. of sulfammonium. 
A. PAPINEAU-COUTURE 

The influence of sunlight on the color of rubber mixtures. H. RimpgeL AND P. 
HERRMANN. Gummi-Zig. 43, 2270(1929).—The exptl. facts described by Defries 
and Naunton (C. A. 23, 2068) were also discovered by R. and H. and are ine rp rated 
in a patent, in which they are utilized for the production of pictures or designs on 
rubber goods (cf. German Patent 448,972). Evidence is given to prove that D. and N. 
are incorrect in believing that the initial effect of the irradiation is a surface vulcaniza- 
tion and that the discoloration is a result of over-vulcanization on the surface of the 
vulcanizate. Designs are formed on rubber not only by heating or by vulcanization 
after exposure, but also by treatment with strong reducing agents, as with light-sensitive 
AgBr-gelatin. If the reducing agent is mixed into the rubber, it is possible to form 
designs or pictures directly by exposure to light. When 4 mixts., each contg. rubber, 
lithopone and ZnO, and the Ist also S, the 2nd accelerator, the 3rd S and accelerator, 
and the 4th no addn., were exposed to sunlight for 3 hrs. and were then heated at 143° 
for 30 min., the lst and 4th mixts. remained unchanged, whereas the 2nd and 3rd mixts. 
became discolored to an equal extent. ‘This indicates that such discoloration depends 
only upon the accelerator and that it has no direct relation to the state of cure. The 
accelerator thus behaves like the reducing agents described in the patent of R. and H. 
(loc. cit.), and the phenomenon is similar to that of a AgBr eed a 

. C. Davis 

Colloidchemical changes in rubber and fatty oils. Laszio Aver. Trans. Inst. 
Rubber Ind. 4, 499-520(1929).—A crit. review and discussion of present knowledge, 
with certain new points of view and new data. From a colloidal point of view, raw 
rubber may be regarded as a jelly, B-rubber being the gel skeleton and a-rubber the 
dispersion medium. #-Rubber therefore corresponds to metastvrene and a-rubber 
to liquid styrene. $-Rubber is probably only a more concd. soln. of the disperse 
phase itself, whereas a-rubber is more concd. with respect to the dispersion medium 
of the jelly than is B-rubber, but it is not the dispersion medium itself. In expts. by 
Pummerer (cf. C. A. 22, 885, 4873) a better agent than Et.O could not be found for 
their sepn., and so in the expts. of P. probably the only result was the concn. of one of 
the two phases of the jelly, the pure phase not being isolated at all. X-ray investiga- 
tions agree with this (cf. Bary and Hauser, C. A. 22, 4005), diagrams of frozen rubber 
indicating an increase in 8-rubber at the expense of a-rubber. That coagulating 
agents aggregate rubber and solvents disaggregate it is supported by unpublished 
expts. of Stamberger, who has found that when org. solvents, e. g., CCl, or Et,O, are 
added to latex, and the water and solvent are then evapd., the film has not its usual 
solid character but is a very sticky paste. After a few days this stickiness disappears 
and the film acquires a normal condition. In this case the disaggregating agent prob- 
ably retards the aggregation by air. A discussion of the drying of fatty oils and the 
extensive expts. of A. in this field, which led to the-gas coagulation theory of drying 
(cf. C. A. 20, 3827; 21, 3475, 3789; 22, 1695; 23, 208) led to the conclusion that the 
coagulation of: latex on exposure to air is caused by the coagulating action of O. In 
prepg. Para rubber, the gases in the smoke cause coagulation and aggregation, and the 
smoking process for smoked sheets involves a similar action. Rubber jelly has a 
smaller adsorptive power toward coagulating gases than the jelly of fatty oil films, 
hence the better aging of rubber. Rubber may be considered as a jelly composed of 
2 phys. different phases of the hydrocarbon, the structure thus being like a gelatin 
hydrogel, plasticizing of rubber being like the mech. working of other jellies. Ions 
act as coagulants, and in gas coagulation gaseous ions are the active agent. Ultra- 
violet rays ionize gases and their action on fatty oils may be due to the ionization of 
dissolved O. Just below the b. p. of an oil the gas is evolved and the friction may 
change the gas electrically and so alter the colloidal structure of the system. In expts. 
on the bodying of oils in vacuo, large proportions (12-61% of the total acids obtained 
by hydrolysis) of acids insol. in petr. ether were formed, whereas before heating the 
proportion was small. This shows that the change from sol. to insol. acids is not a 
result of oxidation. The mastication of rubber may be explained by the 2-phase theory, 
but possibly gas peptization assists the mech. working, 7. e., the latter may cause gas 
peptization. The jelly contains adsorbed O which may be ionized by the friction. 
This agrees well with facts observed by Fry and Porritt (C. A. 22, 4870). Gases other 
than O can also cause peptization, but longer times are required (cf. Pummerer and 
Pahl, C. A. 22, 885). When rubber mixts. contg. considerable C black are stored 
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before curing, the plasticity disappears and the mixt. acquires some of the properties 
of vulcanized rubber. When sep. layers are plied and cured under pressure the layers 
do not unite because a thin film on each surface is formed as a result of coagulation by 
adsorbed gases. The impossibility of extg. all S from vulcanized rubber does not 
necessarily signify a chem. combination. Removal of an adsorbed substance can be 
accomplished by (1) a substance which is more readily adsorbed by the adsorbing 
product than is the previously adsorbed substance (S), or (2) a solvent with a higher 
affinity for the adsorbed substance (S) than has the isocolloidal rubber or fatty oil. 
In each the agent must come into intimate contact with the adsorbed substance (S). 
S is enclosed in an aggregated system and the agent must also be a disaggregating agent. 
Therefore so-called combined S has not been removed except by such agents as 
PhNH, + K and by concd. HCl. Moreover, the adsorptive power of some sys- 
tems is stoichiometrical, so even if an apparent limiting value of ‘“‘combined” S has 
been found by most investigators (cf., however, Stevens, C. A. 23, 3596) it may 
signify merely a satn. of the adsorptive power. Bacon (cf. C. A. 22, 3804) did not 
necessarily wet the aggregated rubber with his desulfurizing agents. His fractional 
peptization expts. are difficult to reconcile with the chem. combination theory, and 
finally his limit of 0.5% combined S represents the threshold value of S adsorbed 
during the aggregation of rubber contg. an accelerator. A discussion of the two most 
satisfactory theories of vulcanization, viz., the S coagulation or aggregation theory 
and the chem. theory (cf. Stevens, C. A. 22, 1703), points to the former as the more 
probable, with the accelerator playing the part of a sensitizer of coagulation by S, 
like the sensitizing action of Co linoleate on HCO.H in the coagulation of fatty oils 
(cf. A., C. A. 21, 3789). When rubber is heated for a long time in vacuo at 250° it 
fuses to a viscous liquid, which on cooling does not revert to the original condition. 
The loss of wt. is only about 1% and no chem. decompn. can he detected. This dis- 
aggregated rubber resembles viscous heat-bodied stand oils, and can be vulcanized to 
products similar to the latter. Both this aggregated rubber and vulcanized rubber 
have corresponding types in fatty oil derivs., and the new solidified oil derivs. contg. 
electrolytes are the initial attempts to obtain oi] products resembling raw rubber. In 
vulcanized form, these solidified oils have properties more nearly like rubber than any 
previously known oil product. Data show the tensile strengths and elongations of rubber 
mixts. contg. vulcanized solidified oils compared with those of the corresponding mixts. 
contg. ordinary vulcanized oils (factice). Vulcanized solidified oils are excellent 
ingredients; e. g., when 50 parts are added to 100 parts of rubber, the vulcanizates 
have tensile strengths as high as, or even higher than, the corresponding vulcanizates 
contg. no such addn. of oil product, in contrast to ordinary vulcanized oils, which 
greatly lower the tensile strength of vulcanized rubber. The jelly system of solidified 
fatty oils can be further aggregated. S aggregates solidified fatty oils as it does rubber 
and raw oils. The solidified oils require less S than raw oils and in varnishes they 
require less O than raw oils. Accordingly varnishes contg. solidified oils dry more 
rapidly than the corresponding varnishes contg. raw oils, with correspondingly smaller 
adsorption of O. The latter fact explains the better aging of solidified oils. When 
electrolytes are milled into raw rubber and the mixts. are then heated, products re- 
sembling the thermoplastic rubber products of Fisher (cf. C. A. 22, 887) are obtained. 
The latter were regarded as simply isomerization products, and the fact was overlooked 
that they were polydisperse systems in which the presence of the reagents or their 
decompn. reagents are necessary to the resulting properties. The excess reagent used 
by F. can be washed out, leaving the essential adsorbed part. The case is therefore 
analogous to the vulcanization of rubber with S partly extractable by acetone. The 
reactions of F. are also analogous to the action of electrolytes on fatty oils, in each 
case the dispersed phase being increased. The white powders pptd. by acetone from 
solns. of thermoplastic rubber products are probably the gel skeletons of the original 
jellies. Both with thermoplastic rubber products and with solidified oils, the aggregat- 
ing action of the reagents is more limited than that of S or of gases, and both products 
may be further aggregated by S or by gases. The increased soly. of thermoplastic 
rubber products in org. solvents corresponds to the property of solidified oils of being 
readily emulsified in water. This probably does not depend upon a lower degree of 
aggregation of the jelly, but because the adsorbed reagent has a higher affinity for the 
solvent then for the jelly in which it is adsorbed. The solvents may, however, be 
disaggregating agents. Cc. C. Davis 
Preparation and properties of aqueous rubber dispersions. H. L. TRUMBULL. 
Colloid Symposium Monograph 6, 215-24(1928).—Aq. dispersions of rubber can be 
obtained by masticating rubber or reclaim with protective colloids like glue, Na resinate, 
gum arabic, gluten, Na alginate blood albumin and casein (see U. S. P. 1,498,387). 
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Such dispersions differ from latex in being free from pear-shaped particles, giving 
a dried film different in texture, tackiness and strength and being under control of the 
maker. JEROME ALEXANDER 
The reduction of rubber stress-strain determination. W.B. WiEGAND AND H A. 
BRAENDLE. Ind. Eng. Chem., Anal. Ed. 1, 113-7(1929).—The aim of the work was to 
find a means of eliminating the personal equation in interpreting stress-strain data. 
Reduction of 95 tests of an inner tube by statistical methods showed that the stress- 
strain data did not obey strictly the law of accidental error, the skew being neg. for the 
values at rupture and pos. at intermediate points. The true values are not therefore 
the arithmetic means but the modes, which in every case differed from the arithmetic 
means to an extent greatly exceeding the probable error of such means. By using 
these true values and dividing the 95 tests into groups of 5, these groups were weighted 
by 4 empirical methods and the results compared with the modal values. The method 
of choosing the highest 3 elongations out of 5, with the corresponding tensile strengths, 
approached most closely the modal values. This method is accordingly suggested 
as a starting point for a standardized method of interpreting tests 4 rubber. The work is 
in part a confirmation of expts. on the same subject by Fric (cf. C. A. 7” 4098). 
. C. Davis 
The use of a group of performance tests for evaluating rubber compounds that 
must withstand repeated compression. HarLAN A. DEPEW AND E.G. SNypER. Proc, 
Am. Soc. Testing Materials 1929 (preprint) No. 87, 11 pp.—Specifically the present 
paper gives data on the comparative resistance to abrasion and to pounding of 2 solid 
tires cured with different proportions of S. The underlying object is, however, to show 
that by a properly chosen set of lab. tests it is possible to judge the performance of 
rubber products in actual service. It may be necessary to include with the standard 
tests an addnl. test which is specially adapted to the particular product which is being 
developed. ‘The solid tires, which serve as an example, were tested for tensile strength 
and ultimate elongation, for their hardness and for their resistance to tear, to abrasion 
and to pounding at different cures. They were also aged in a Geer oven to correlate 
the phys. properties mentioned above with the uniformity of cure and-state of cure 
at different points in the tires. In the pounding test which is described and illustrated, 
the samples are subjected to very rapid impacts of high force, and the increases in 
temp. ascertained. The comparative tests of the 2 tires indicate that a low proportion 
of S minimizes variability of cure, that the proportion of S does not affect the uniformity 
of cure throughout the tire when sufficiently long cures are used, and that a high S 
content tends to low temps. in the tire in service. C. C. Davis 
Rubber equipment for the chemical industry. ANon. Ind. Chemist 5, 229-36 
(1929).—An illustrated description of mfg. operations at the plant of Macinlop, Ltd. 
(Manchester, England), including rubber-lined tanks, rubber-covered rolls for the 
paper, bleaching and dye industries, rubber hose, acid valves, acid-proof hose, rubber- 
lined pumps, fans and ball mills and conveyor belting, with the lab. control of the 
various processes. Cc. C. Davis 
Instrument for reading the hardness or plasticity of rubber optically. R. Fric. 
Chimie & Industrie Special No., 536-7(Feb., 1929)——The hardness of vulcanized 
rubber is detd. by placing on the rubber a ball of given diameter, attached to a vertical 
rod, which in turn is connected to a balanced lever arm, and then weighting the end of 
the arm as required. ‘The deflection of the lever (which depends on the depth to which 
the ball has penetrated inte the rubber) is read by means of an optical device that 
greatly magnifies the displacement. To det. the plasticity of soft rubber, the same 
device is used to det. the rate of penetration of a cylinder of given diam. A. P.-C. 
French rubber sponges. H. Dg Porx AND F. Dg Poix. India Rubber World 80, 
No. 5, 69-70(1929).—A general description of present developments, with typical 
formulas. Cc. C. Davis 
Who was the first to utilize rubber for erasing? A needed correction. Max 
SPETER. Gummi-Ztg. 43, 2270-1(1929).—Historical. Original references are cited 
to show that neither Priestley nor Magehaens was the originator of the idea of using 
rubber for erasing pencil marks. ‘The credit should go to Nairne, a maker of mathe- 
matical instruments of London, who devised the eraser before 1770 
C. C. Davis 
The rational use of scrap and reclaimed rubber. H.Bauraron. Rev. gén. caoutchouc 
6, No. 52, 14(1929).—Four formulas are suggested for molded products contg. scrap 
and reclaims. C. C. Davis 
An inquiry into the use of reclaimed rubber. WatTER Hutcuinson. Déchets et Ré- 
généres 1, No. 1, 5(1929).—The first of a series of articles to deal with the relative value of 
reclaimed and new rubber, the future of reclaimed rubber and the desirable properties 
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of reclaimed rubber, and to give representative mixts. in which reclaimed rubber is of 
special advantage. ‘These points are covered briefly. C. D. Davis 
Aging of rubber. B. V. Bizov Zhur. Prikladnoi Khim 1, 6-11(1928).—Soft 
grav rubber was cured in steam at 35 lb. per sq. in. for 10-60 min. and then aged at 
70° for 24-96 hrs. The modulus of elasticity, the hysteresis, the product of these 
2 quantities (or the “working capacity’) and the swelling in AcOAm were detd. for 
individual samples and served to judge the degree of aging. The results obtained by 
these different methods were often contradictory. Properly vulcanized rubber under- 
goes smaller changes on aging than undercured rubber. The changes are probably 
due to a continuation of the vulcanizing process at the elevated temp. used in artificial 
aging tests. Artificial aging produces changes in rubber which are different from those 
observed in natural aging, and new accelerated testing methods must be developed 
which do not require an elevated temp. V. KALICHEVSKY 
Laboratory apparatus for studying the aging and the vulcanization of rubber. R. 
Fric. Rev. gén. caoutchouc 6, No. 52, 9-10(1929); cf. C. A. 22, 4876.—An app. for 
the O-bomb aging test and an app. for vulcanizing lab. samples are described and 
illustrated. The chief feature is the manner of heating, utilizing induced (Foucault) 
currents with the attendant hysteresis effects, the principle being the same as the 
Ribaud high-frequency method of heating furnaces. The cost of operation is eco- 
nomical and a sufficiently precise control of temp. is claimed. Cc. C. Davis 
The outlook for synthetic rubber. Oscar L. Braver. J. Chem. Education 6, 
1286-92(1929). E. H. 
Organic accelerators of vulcanization. HAN TANAKA AND YOSHIYUKI Hara. 
Repts. Imp. Ind. Research Inst. Osaka Japan 10, No. 1, 29 pp.(1929).—To make a 
comparative study of org. accelerators of vulcanization the authors tested the following: 
PhNHSCNHPh (I), PhN:C(NHPh), (II), p-NOCsH,sNMe. (III), aldehyde-ammonia 
(IV), p-Ce -Hy(NH2)2 (V), (CHe)6Na (VI), HN: C(NHPh), (VII) and CsHioNCSSH. C;- 
HuN (VII). The accelerator was mixed in the proportions of 0.25, 0.5, 0.75, 1.0, 
2 0, 3.0, 4.0 and 5.0 per 100 of rubber mixt. The accelerating powers were in the order: 
VIII (0.25-0.5) (the figure indicates the amt. of accelerator used per 100 rubber mixt.), 
III (0.25-1.0), VII (0.5-2.0), V (0.5-3.0), VI (0.5-4.0), II (0.5-4.0), IV (0.75-4.0) and 
I (1.0-4.0). VIII is an ideal accelerator but needs careful attention in its treatment. 
VII is the best of all accelerators studied. F. I. NAKAMURA 
The mode of action of organic accelerators of vulcanization. I. Pavt Bary. 
Rev. gén. caoutchouc 6, No. 52, 3-8(1929) —An historical review and discussion of differ- 
ent types of org. accelerators. Tables giving the trade name, ciem. compn., phys. 
state, d., odor, activity and manufacturers of 24 aldehyde-amines, 14 salts of thio acids, 
5 guanidines and 10 miscellaneously classified compds. are incl: ded. Cc. c. D. 
Action of adipic esters (Sipaline) on accelerators of vulcanization. ‘Vulkan colors 
and rubber antioxidants. DirmMaR witH ALF MATHIESEN AND Kart H. 
Preusse. Caoutchouc & gutta-percha 26, 14,618-20(192%); cf C A. 23, 4098 —Tables 
show the soly. of various accelerators, Vulkan colors and antioxidants in isopropyl methyl- 
adipate, in dimethylcyclohexyl methyladipate and in methylcyclohexyl adipate and 
the characteristic fluorescent colors of Vulkan colors in ultra-violet light. Cc. C. D. 
The influence of various accelerators on the surface vulcanization of rubber by 
ultra-violet radiation. Rupo_F Ditmar. Gummi-Ztg. 43, 2325(1929).—By continuing 
expts. (cf. C. A. 23, 2602) it is shown that when ordinary activators are 
omitted from accelerated rubber mixts., ultra-violet radiation has itself an activating 
effect. This activation is accompanied by oxidation of the rubber, and this oxidation 
is more effective than the vulcanization, so that from a practical p>int of view satis- 
factory vulcanization is possible only when a red or a yellow protective pigment, e. g., 
Se red, is added. With an activator like ZnO present in an accelerated mixt., ultra- 
violet radiation brings about vulcanization in a short time, so that the time must be 
carefully controlled to prevent oxidation, undercuring or overcuring. Ultra-violet 
radiation has the most favorable effect on rubber mixts. accelerated by tetramethyl- 
thiuram disulfide and contg. an activator. Surface vulcanization is complete in 4.5 
min. without oxidation even in the absence of a protective red pigment. Cc. C. D. 
The activating effect of various metallic oxides on the accelerating system piperi- 
dine pentamethylenedithiocarbamate and cyclohexylethylamine dithiocarbamate in the 
vulcanization of rubber in air. Rupo_r DirmarR AND ALF MATHIESEN. Chem.- Zig. 
53, 479(1929).—The expts. are part of a study of the effect of metallic oxides on indi- 
vidual accelerators and on combinations of accelerators. From mixts. of pale crepe 
100, colloidal S 3.5, piperidine pentamethylenedithiocarbamate 0.7, cyclohexylethy: 1- 
amine dithiocarbamate 0:7, “Agerite” 0.2 and metallic oxide or other compd. 10, in 
C.He, films were prepd. by dipping and drying. ‘These films were then cured in air 


wit 
oxi 
con 
all) 
goo 
gra 
goc 
anc 
ver 
tac 
par 
pat 
wh 
tac 
str: 
pat 
req 
R 
(1 
wa 
lat 
in 
det 
aft 
Cc 
an 
tic 
inc 
or 
Gc 
da 
to 
of 
of 
an 
co 
an 
35 
ap 
in 
ex] 
co 
cri 
gi 
In 
In 
eff 
ste 
di 
to 
as 
21 
en 


with a rise of 30 min. to 100° and 60 min. at 100°. The following data give the 
oxide or other compd., its activating effect, the appearance of the vulcanizate, and the 
condition of the vulcanizate, resp.: CaO, strong, transparent, very good (the best of 
all); Ca stearate, none, transparent, tacky; SrO, strong, transparent, supple and very 
good; Sr stearate, none, transparent, tacky; SrCO;, none, milky, tacky; SrS, none, 
gray, tacky; SrO + Sb,0s + wax, none, milky, tacky; BaO, considerable, transparent, 
good but somewhat tacky; MgO, none, opaque, tackv; ZnO, strong, opal, very good 
and tight; ZnS, none, transparent, tacky; ZnSO..5NHs, strong, almost transparent, 
very good; cd, ‘considerable, brown-red, very supple and good; CdS, none, yellow, 
tacky; HgS, none, red, tacky; BeO, none, transparent, tacky; Al,Os, none, trans- 
parent, tacky; Fe.O;, hardly any, red-brown, tacky; Ni,O;, none, approaching trans- 
parency, tacky; Co,O;, none, black, tacky; MoOs, none, opaque, tacky; SnO2, some- 
what, milky—glass-like, tacky; SnS., none, yellow-brown, tacky; Bi,O;, none, milky, 
tacky; Bi.S;, none, transparent, tacky; As,O3, considerable, transparent, good; Sb2Os, 
strong, orange-yellow, very good; Sh.Ss, none, red, tacky; stearic acid, none, trans- 
parent, not vulcanized. It is considered that for this type of mixt., cured in air and 
required to be transparent, CaO and SrO are the best activators. C. C. Davis 
The consumption of accelerator during vulcanization. L. v. WISTINGHAUSEN. 
Rubber Age (N. Y.) 25, 261-4, 319-21(1929).—An English version of C. a rs et 
AVIS 
The utilization of vulcanized latex (Revultex). L. St. Gummi-Ztg. 43, 2325-6 
(1929).—The chief disadvantages of dried vulcanized latex are its tendency to adsorb 
water and to swell in org. solvents. After contact with water, films of dried vulcanized 
latex are easily disintegrated by rubbing. Quant. tests, in which films of Revultex 
(prepd. 2 mm. thick by drying at 45-50° and then over H2SO, to const. wt.) were swelled 
in water at 16.5-18.0° and the progressive increases in wt. during a period of 640 min. 
detd. are described. During the early stages adsorption was relatively rapid, e. g.,6.8% 
after 90 min., while after 640 min. it was 12.5% and had not reached a max. .D. 
Report on the effect of different dilutions of latex and strengths of coagulant on the 
lasticity, vulcanizing and mechanical properties of rubber. ANon. Trop. Agr. 
{Ceylon "71, 36-9(1928).—Two sets of thin crepe were prepared from latex contg. 15 
and 30% dry rubber, with varying proportions of ACOH, HCO.H and Na,SiFs. Plas- 
ticity and vulcanization tests were made at the Imperial Inst. 6 mos. later. The results 
indicate that varying the concn. of the coagulant does not cause variation in plasticity 
or in vulcanizing and mech. properties. A. L. MEHRING 
Time and temperature-plasticity relations for crude rubber as measured with the 
Goodrich plastometer. E.O. Drerericu. Ind. Eng. Chem. 21, 768-70(1929).—Quant. 
data are presented to show the applicability of the Karrer plastometer (cf. C. A.23, 4106) 
to raw rubber and to uncured rubber mixts., including the relative plasticities at 100° 
of different types of rubber after different periods of mastication, the relative plasticities 
of batches of pale crepe of different sizes at 100° after different periods of mastication, 
and the relative plasticities of masticated smoked sheets at various temps. (the temp. 
coeff.). C. C. Davis 
The stretching and contracting of rubber lamella, the critical slipping temperature 
and its shifting by admixture. M. Kr6cER AND WAN-NIEN Yao. Z. Elektrochem. 35, 
358-62(1929).—It is shown that the unhindered inflation of rubber membranes to an 
approx. sphere represents a deformation especially favored by slipping. The energy 
increase in the case of the unhindered expansion of a sphere is as great as in longitudinal 
expansion. In spite of the difference of the outer deformation, the mol. processes ac- 
companying the deformation are the same. The optical behavior also shows this. A 
crit. slipping temp. is obtained, which is shifted to a higher temp. by admixt. This 
gives a quant. measure of the “‘activity’’ of the added substance. R. I. Rusu 
Early experiments with stearic acid in rubber compounding. W. F. RuSSELL. 
Ind. ine Chem. 21, 727-9(1929).—See U. S. patent 1,467,197 (cf. C. A. rt a 3809). 
AVIS 
Stearic and oleic acids as rubber-compounding ingredients. R. P. DinsmorE. 
Ind. Eng. Chem. 21, 722-3(1929). —The expts. which are described show the relative 
effects of stearic acid and of oleic acid in representative rubber mixts., the influence of 
stearic acid on chem. and phys. vulcanization, and the different effects obtained with 
different accelerators. The most important function of stearic acid is to convert ZnO 
toa form which will react with the accelerator, aside from which it acts as a softener and 
as a retarder of chem. and phys. vulcanization. C. C. Davis 
Effect of stearic acid on various crude rubbers. E. W. Fuiier. Ind. Eng. Chem. 
21, 723-5(1929).—Since the total acid content of a rubber mixt. has considerable influ- 
ence on the phys. properties of the cured mixt., uniform quality cannot be obtained by 
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the addn. of a eonst. porportion of stearic acid, because the stearic acid content of the 
raw rubber varies. Data show the phys. properties of different types of rubber mixts. 
contg. rubber with different total acid contents (detd. by the method of Whitby and 
Evans (cf. C. A. 22, 3064), with and without the addn. of stearic acid. The effect de- 
pended not only upon the type of rubber, 7. e., upon the quantity of stearic acid furnished 
by the rubber, but also upon the other ingredients, particularly upon the accelerator. 
There is probably a well-defined state of acidity for each accelerator, and perhaps in 
turn for each combination of accelerator and other ingredients, which gives the best 
phys. properties of the resulting vulcanizates. This shows the importance of allowing 
for the natural acid content of the raw rubber in formulating mixts: which are to contain 
any desired proportion of stearic acid. Cc. C. Davis 
Stearic acid in litharge-cured rubber compounds. J. R. SHEPPARD. Ind. Eng. 
Chem. 21, 732-8(1929).—Expts. on the curing of different rubber mixts. with PbO 
under various conditions are described, and the quant. results are shown in graphs and 
tables. Though an org. acid is essential to vulcanization with PbO, smoked sheets 
usually contain a large enough proportion of natural org. acids for full activation. 
Rubber mixts. contg. PbO, mercaptobenzothiazole and gas black, of the character of 
tire treads, showed high tensile strengths over a wide range of cures, whether or not 
stearic acid was present. Cc. C. Davis 
Effect of stearic acid on reclaimed rubber. H. A. WINKELMANN AND E. B. BuSEN- 
BurG. Ind. Eng. Chem. 21, 730-2(1929).—Expts. are described which show the effect 
of stearic acid (1) in the heating process of the manuf. of reclaimed rubber; (2) asa 
plasticizing agent during the milling and refining of reclaimed rubber; and (8) on the 
properties of vulcanized rubber mixts. contg. reclaimed rubber. Stearic acid is far less 
effective than other softeners in its plasticizing action on vulcanized rubber scrap during 
devulcanization (in the alkali process because of its conversion into soap). On the other 
hand when added to devulcanized rubber on mills previous to the refining operation, it 
has a very beneficial effect by increasing the plasticity, by improving the tubing and 
calendering properties of mixts. contg. the reclaimed rubber, by reducing the “‘nerve’’ 
without producing tackiness, by improving molding properties, and by promoting the 
dispersion of fillers or pigments, thus improving the phys. properties of vulcanizates 
contg. the reclaim. In rubber mixts. contg. reclaimed rubber, stearic acid improves the 
vulcanization, diminishes the tendency to “blow” from reversion, and activates the 
acceleration with mercaptobenzothiazole. ~C. C. Davis 
Effect of increased quantities of stearic acid on tread abrasions. C. OLIN Nort. 
Ind. Eng. Chem. 21, 725-6(1929).—The tensile strength and modulus at 300% elongation 
diminished progressively with increase in stearic acid, but the resistance to abrasion was 
greatest at 10-15% stearic acid and was greater with 30% stearic acid than with 2% 
stearic acid. A similar series with paraffin in place of stearic acid gave much the same 
results, showing that on the Graselli abrasion app. (cf. Williams, C. A. 21, 2573) stearic 
acid has a lubricating action which renders a direct comparison with service on the road 
highly misleading. ‘ C. C. Davis 
a oe of stearic acid by carbon. J. T. BuaKe. Ind. Eng. Chem. 21, 718-9 
(1929).—The theory of pigment reénforcement previously advanced (cf. C. A. 22, 4876) 
is discussed further from a different point of view. Phys.-chem. calcns. based upon the 
assumption that the adsorbed mols. are dipoles and are adsorbed with a definite orienta- 
tion indicate the validity of the theory, and that the dispersing agent is oriented on the 
surface of the filler particle. The center of the dipole axis is 4.2 A. U. from the surface 
of the filler, and since this is only 20% of the length of a stearic aid mol., the CO.H group 
is the chief contributor to its dipole moment. ‘The mechanism of the dispersion of fillers 
other than C black should be essentially the same. The theory explains the importance 
of fatty acids in the dispersion of pigments like C black inrubber. Discussion. C.R. 
Boccs. Jbid 719.—A reénforcing pigment which is an elec. non-conductor is needed in 
the rubber industry for rubber insulation. There is also lacking a lab. test to det. the 
behavior of a filler or pigment in rubber, and particularly to det. the action of dispersing 
agents. Deflocculation of a kerosene paste of the substance by dispersing agents does 
not give comparable results. C. C. Davis 
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Rubber. RicHarp Latour. Fr. 651,530, Sept. 12, 1927. Waste rubber which 
has been vulcanized in the cold with CS, is recovered by shredding it to very thin 
sheets, removing the fatty substances, resins and S by sapon. with NaOH or KOH under 
steam pressure. Waste rubber which has been vulcanized by heating with free S is 
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reduced to a powder, oils, fats or other solvents such as crude rubber, acetone, ether, 
NH;, chloroform, etc., are added and the mass is devulcanized with steam, shredded 
and treated as in the first case. 

Rubber. THe ANODE RUBBER Co. (ENGLAND) Lrp. Fr. 650,565, Mar. 7, 1928. 
Articles of rubber are made by bringing into contact with one another in a moist state 
and with or without pressure 2 or more pieces of material obtained directly by de- 
position, dipping, spreading, spraying or impregnating, from natural or artificial dis- 
persions of rubber, etc., and drying or coagulating. Cf. C. A. 23, 2850. 

Rubber. Tue B. F. Goopricno Co. Fr. 648,759, Dec. 27, 1927: Conversion 
products of rubber are obtained by heating it for a long time with a solvent for rubber 
such as benzine, a phenol and one of the following: HCl, HBr, org. sulfonyl chlorides, 
org. sulfonic acids, dil. H,SO, and trichloroacetic acid. The phenols include phenol, 
cresol, catechol, resorcinol, naphthols and p-chlorophenol. The products are plastic 
when heated and may be combined with fillers, pigments, etc. 

Rubber. VEREINGTE ALUMINIUM-WERKE. A.-G. Ger. 472,662, Mar. 30, 1923. 
Glossy surfaces are produced on rubber goods by placing them on Al foil and rolling. 

Treating rubber latex. J. McGavack (to Naugatuck Chemical Co.). Brit. 
298,628, Oct. 14, 1927. A reversible uncoagulated gel is formed by treating latex with 
an acid or, preferably, an alk. hydrosol of silicic acid in small quantity, either by direct 
addn. or by formation of the hydrosol in the latex. A gel which may be used for spread- 
ing, coating or other purposes forms in a few min. Examples and details are given. 

Improving the aging properties of rubber. RusBBER GROWERS’ ASSOCIATION, 
Inc., G. MARTIN AND W. Davey. Brit. 299,585, Sept. 26, 1927. Latex serum and an 
alkali, such as NaOH, KOH or Na»,CO,, are added to a rubber mixt. before vulcanization 
(suitably in a proportion of about 5% and 1%, resp., based on the quantity of the 
rubber in the mixt.). a 

Articles made from crude rubber. James H. Burton. Fr. 649,565, Feb. 22, 
1928. Crude rubber (latex prima, crepes, etc.) is heated with stirring in an autoclave 
with an alk. soln., and the granulations obtained are similarly heated with water, dried 
and pressed in heated molds. 

Rubber articles. THe Naucatuck CHemicaL Co. Fr. 651,615, Dec. 30, 1927. 
Rubber articles are produced directly from latex by dilg. the latex, adding substances 
which enable the aq. portion to filter more easily through the deposit as it forms, agi- 
tating and heating. Raw latex may be used to which stabilizers such as glue, Na oleate, 
casein or undecylenic acid emulsion may be added, the solid contents of the tatex being 
8-24, preferably 14%. To render filtering easy a Zn oxide or salt and a sulfide of Na, 
K, Li or NH, are added, other substances which may be used are gel-forming colloids 
of buffer solns. controlling the H-ion concn., substances liberating metallic ions and 

Compounding rubber with other materials. Ray P. Dinsmore (to Goodyear 
Tire & Rubber Co.). U.S. 1,712,333, May 7. An emulsion of rubber is mixed with 
a suspension of a filler material such as pptd. BaSO, and the rubber is coagulated 
on the filler, the product is washed free from water-sol. material and a rubber softener 
such as pine oil is added while the mass is still highly pasty and the product is then 
incorporated into a rubber mix upon the mill. 

Deposition of rubber. THe ANopE RuBBER Co. (ENGLAND) Lrp. Fr. 650,566, 
Mar. 7, 1928. In the elec. deposition of rubber from aq. dispersions, the uniformity of 
thickness of the deposit is influenced by screens of insulating or poorly conducting ma- 
terial such as hard rubber, or celluloid or of conductive material to form equi-potential 
surfaces. The screens may be perforated or cut away, and if sep. chambers are used 
the screens are preferably disposed in the cathode chamber. Cf. C. A. 23, 2603. 

Deposition of rubber. THe ANopE RuBBER Co. (ENGLAND) Lip. Fr. 650,977, 
Mar. 17, 1928. In the direct deposition of a substance of the nature of rubber on 
porous supports imbibed, e. g., with a soln. of CaCle, or by electrophoresis, a coagulating 
agent is caused to act from the outside on the deposit before it is dried. This treat- 
= ed be given once or several times before the full thickness of the deposit is 
reached. 

Deposition of rubber. THe ANopE RuBBER Co., Lrp. Fr. 651,672, Aug. 3, 
1927. In the deposition of rubber on an anode support from aq. dispersions thereof, 
particularly from natural latex, by an elec. current, protective colloids are added to the 
dispersion. Thus, 6-12 g. of soft soap is added to 1 1. of latex contg. 30% of rubber. 

_ Deposition of rubber. Wm. A. Wiiiiams. Fr. 650,326, Dec. 27, 1927. See 
Brit. 293,095 (C. A. 23, 1527). 
- Apparatus for coating articles with rubber by electrodeposition, etc. G. F. WmLson 
(to Anode Rubber Co., Ltd.). Brit. 298,650, Oct. 13, 1927. Structural features. 
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Drying rubber deposits. A. SzEcvarr (to Anode Rubber Co., Ltd.). Brit. 

298, 483, Oct. 6, 1927. Articles formed by deposition of rubber from aq. dispersions 
are dried by applying to them a pervious material such as a fabric strip wrapping which 
exerts’a compacting pressure. An app. is described. 

Preserving rubber. B. D. Porrirt, T. R. Dawson and RESEARCH ASSOCN. oF 
BRITISH RUBBER & TyRE MANUFACTURERS. Brit. 299,169, Sept. 29, 1927. Rubber 
goods are coated with a mixt. contg. substances resistant to light and air, e. g., a mixt. 
formed of soft “mineral rubber” 60, aldol a-naphthylamine 10, ‘‘Oil Red S” 2 and tolu- 
ene 100 parts. 

Recovery of rubber. Maurice dit REN& GATTEFOSSE and Soc. FRANCAISE DE 
PRODUITS AROMATIOUES, ANCIENS &STABLISSEMENTS GATTEFOSSE. Fr. 649,726, July 
19, 1927. Vulcanized rubber is recovered by dissolving or treating it with an ester 
such as ethyl decylate, the alc. of which is not a solvent for rubber, and eliminating the 
ester by sapon. Cf. C. A. 23, 732. 

Artificial rubber. KatTHeringE B. G. EpmMonpstong and DoNnaLp CHAUVEL. 
Australia 10,433, Nov. 16, 1927. Artificial rubber consists of cactus or other wax-like 
— with or without the leaves of vinca or periwinkle plant, white vinegar or ACOH 
and 

Rubber substitute. Howarp W. MaTHEson (to The Can. Electro Products Co., 
Ltd.). Can. 288,640, Apr. 9, 1929. The compn. specified includes clay, rubber, S, 
ZnO, coloring matter and a product made by treating vinyl ester with an aldehyde. 

“Synthetic rubber.” J. Barer. Brit. 298,889, Oct. 15, 1927. An aldehyde such 
as CH,O is treated with alkali metal or alk. earth metal polysulfides in soln. with or 
without conjoint use of a halogen deriv. of a satd. hydrocarbon such as ethylene or 
methylene dichloride or dibromide. A rubber-like product is formed. 

Making tires from synthetic rubber produced by polymerization of butadiene. 
I. G. FarBeninp. A.-G. Brit. 299,037, Oct. 20, 1927. 

Puncture-sealing composition. W.C. P. TANNER. Brit. 299,542, Aug. 9, 1927. 
Gum tragacanth which has been heated to at least 85°, water, CH.O and a fibrous filler 
such as asbestos are used together. Carragheen and agar-agar may be substituted 
for part of the tragacanth. 

Aldehyde-amine condensation products for use as rubber vulcanization accelerators. 
S. M. CapwELL (to Naugatuck Chemical Co.). Brit. 298,537, Nov. 1, 1926. Derivs. 
such as those contg. Cl, Br or I are formed from the condensation product of heptal- 
dehyde and aniline or other similar condensation products of an aliphatic aldehyde hav- 
ing 2-7 C atoms and a primary amine. Various examples are given of the prepn. of 
different accelerators from these condensation products by use of halogenating and 
_ ne, such as Cl, Br, I, acids, alc. and Na, HCl, Zn and Sn, ete. Cf. C. A. 
22, 

Apparatus for vulcanizing tire flaps or other endless bands of rubber. D. S. 
HARRINGTON (to Goodyear Tire and Rubber Co.). Brit. 299,005, Oct. 19, 1927. 

Rubber vulcanization. J. TeppemMA (to Goodyear Tire and Rubber Co.). Brit. 
298,942, Oct. 17, 1927. Accelerators are used comprising mercaptoxazoles or their 
derivs. such as reaction products with amines such as diphenylguanidine, diethylamine, 
butylamine and benzylamine (which may be prepd. by mixing solns. of the azole and the 
amine in hot alc.). Mercaptonaphthoxazole is prepd. by treating 8-naphthol with HNO; 
to form a nitroso deriv., which is then treated with Na hydrosulfide and C 

Vulcanizing rubber. J. Teppema (to Goodyear Tire & Rubber Co.). Brit. 
298,622, Oct. 13, 1927. An accelerator is used which comprises the reaction product of 
a hydroxy aromatic aldehyde and an amine, e. g., 8-hydroxynaphthaldehyde and aniline 
may be heated under a reflux condenser to produce a yellow cryst. compd. which on 
heating gives off an oil and leaves a resinous residue which acts as an accelerator; or 
the aldehyde and amine may be heated for 1-2 hrs. in a closed vessel at 300° to form 
the accelerator. 

Rubber. Tue Duntop Rupser Co., Lrp. Fr. 652,439, Apr. 10, 1928. Viscous 
liquid or semi-solid accelerators, anti-aging agents, or softeners are mixed or combined 
with colophony before compounding them with rubber. Examples are given. Har- 
dened rosin and substances such as ZnO or clay may be added to vary the consistency. 

Recovery of latex from storage-tank settlings by centrifugal treatment. AK- 
TIEBOLAGET SEPARATOR. Brit. 299,808, Nov. 1, 1927. 

Deposition of rubber. Tue ANopk RUBBER Co. (ENGLAND), Fr. 651,730, 
Mar. 24, 1928. The constitution of the electrophoretic deposition of rubber is acted 
upon by varying the content of electrolytes practically free from OH ions in the dis- 
persion. Thus, the content of such electrolytes may be decreased by dialysis, or in- 
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creased by addn. of more of such electrolytes. Electrolytes, the anions of which form 
sol. or insol. compds. with the metal of the cathode, may be used. Cf. C. A. 23, 3375. 

Apparatus for mixing rubber compositions, etc. Wm.EeT B. RANNEY (to Wm. 
Wrigley, Jr., Co.). U.S. 1,713,554, May 21. Structural features. 

Rubber-mixing apparatus. RicHarp C. Lewis (to Farrel-Birmingham Co.). 
U. S. 1,718,969, May 21. Structural features. 

Apparatus for testing strength and stretch of rubber, etc. Davm C. Scort (to 
Henry L. Scott Co.). U.S. 1,714,638, May 28. 

Rubber articles. SocrerA ITALIANA PIRELLI and Uco Pgstaiozza. Fr. 651,684, 
Jan. 27, 1928. Small quantities of solns. or suspensions of salts of bi- or tervalent 
metals are added to latex, which is subsequently heated to produce coagulation or thick- 
ening of the latex. Molded articles may be produced directly by dipping heated formers 
into the treated latex, or by heating the latex in a mold. 

Thin-walled stretchable rubber articles. Istvan Dorocr and Lajos Dorocr 
(one-half to Dorogi Es Tarsa Gummigyar R. T.). U.S. 1,713,751, May 21. See Brit. 
288,541 (C. A. 23, 731). 

Rubber bulbs or other hollow articles. DUuNLop RuBBER Co., Lrp., D. F. Twiss 
and E. A. Murpuy. Brit. 299,974, Oct. 5, 1927. A rod, tube, or like device carrying 
a bulbous enlargement of rubber having a roughened surface and of approx. the desired 
shape is dipped into a concd. dispersion of rubber or similar vegetable resins, followed 
by drying, and if desired by vulcanizing, and removal of the rod, etc. Successive dippings 
may be effected for increasing the thickness of the deposit, and a settling medium such 
as a heated soln. of CaCl, or NH,OAc may be used. Brit. 299,975 specifies use of a 
distended collapsible former for use in a similar process. Cf. C. A. 23, 1309. 

Molded articles by dipping formers into rubber dispersions, etc. P. KLEIN and 
F. Gasor (to Dunlop Rubber Co., Ltd.). Brit. 299,737, June 28, 1927. In molding 
by dipping formers into dispersions such as those of rubber, gutta, balata, or mixts. 
of these, which may also contain proteins, cellulose esters, natural or synthetic resins, 
etc., the entire molds or their surfaces are formed of solid or solidified non-porous 
substances of such compn. that contact with the dispersion liberates agglomerating 
agents for the dispersion. ‘The mold may be of a solid salt, such as an alum, which reacts 
with an alk. dispersion such as latex preserved with NHs, or it may be of a metal, such as 
Zn or Al. Crystd. citric acid is mentioned, as are also liquid acids such as HOAc which 
may be solidified with collodion, and sol. salts which may be mixed with substances which 
are liquefiable by heat. ‘The mold may have an inert skeleton. Emission of gas may 
be prevented by addns. to the dispersion or to the mold, e. g., the mold surface may 
be formed from a paste contg. a metal such as Al bronze powder and an oxidizing agent 
such as MnO, or PbO:. Metal molds may be coated with a film of gelatin to keep gas 
bubbles away from the deposit. The temp. may be raised to promote agglomeration. 
Cf. C. A. 23, 1012. 

Removing water from rubber-coated fabrics or other rubber products by electric 
endosmose. C. L. Darsy (to Anode Rubber Co., Ltd). Brit. 299,713, Oct. 28, 1927. 
Layers or articles of rubber or the like formed from an aq. dispersion are treated by 
elec. endosmose for removal of water. In one method described, a metal plate coated 
with rubber is connected as anode while immersed in Hg or an electrolyte; exposed 
parts of the plate not coated with rubber are coated with wax or other insulating sub- 
stance. In another method, the coated plate, connected as anode, is placed between 
2 metal plates connected as cathodes. An app. and various details of procedure are 
described. ‘The process is adapted for treated wire or metal strip coated with rubber. 
_ . Rubber dressing or finish. JamesS. Morrer. U.S. 1,714,919, May 28. A mixt. 
is formed from xylene, ‘petroleum spirits,” Al palmitate, black aniline oil dye, gilsonite, 
carnauba wax and barberry wax. 

System of distributing fiber in rubber stock to form shoe soles, etc. WILLIAM 
B. Wescorr (to Rubber Latex Research Corp.). U.S. 1,714,995, May 28. Relatively 
long fiber is distributed so as to reinforce the rubber in all directions in a sheeted material ; 
the latter is plated so as to possess more extensibility in one direction than in 
another. Cf. C. A. 23, 1528. 

Rubber floor and wall coverings, etc. H. BECKMANN. Brit. 300,008, Nov. 8, 
1927. Rubber floor or wall coverings and the like are coated with a thin film of porous 
or spongy rubber to facilitate their sticking to other materials by use of glue, pitch, 
resin, etc. The rubber article before vulcanization may be coated with viscous latex 
contg. S and vulcanization may be effected under conditions to prevent evapn. of water 
as described in Brit. 193,207 or the latex may contain substances which generate gas 
during vulcanization. ° 

“Self healing” composition for automobile tire tubes. JoHn Scuwas, Jr. U.S. 
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1,715,213, May 28. Vulcanizing cement 30 and melted vulcanized rubber 30 parts 
oe — each other and then with honey 40 parts; the mixt. is heated to 
about 125°. 

Synthetic rubber. Ernest KLerper and Prero Gmarpi. Fr. 651,824, Mar. 27, 
1928. Petroleum or its residues is oxidized with Na,O, or for several days with HNO; 
after which it seps. into 2 layers, one composed of octanaphthenes, which on treatment 
with S are transformed to m-xylenes, and a turbid aq. layer, which is transformed by 
oxidation with fuming HNO; to cyclohexanes and passes to adipic acid. The m-xylenes 
are mixed with the adipic acid and they also are converted to adipic acid; terpenes 
are then added and after heating to about 150°, isoprene and butadiene are formed, 
from which artificial rubber is obtained. 

Synthetic rubber. I. G. FarRBENIND. A.-G. Brit. 300,167, Nov. 7, 1927. Ex- 
amples are given of processes such as described in Brit. 286,272 (C. A. 23, 310) in which 
polymerization of hydrocarbons is effected in the presence of a colloid and an electrolyte, 
e. g., in the presence of glue and Na,SO, in an atm. of O. 

Apparatus for vulcanizing rubber tires. F. Krupp GRUSONWERK A.-G. Brit. 
299,647, Jan. 19, 1928. Structural features. 

Reclaiming vulcanized rubber. TatsuicH1 Toxoyama. U. S. 1,714,835, May 28. 
The material is treated with a hydrogenated naphthalene rubber solvent contg. dissolved 
therein a substance such as NaOEt, which has a strong affinity for S. 

Vulcanizing rubber. I. G. FarBentnp. A.-G. Brit. 300,208, Nov. 8, 1927. An 
alicyclic base or deriv. or compd. is used as a vulcanization accelerator. The basic 
group may be in the ring as in decahydroquinoline, decahydroquinaldine, or perhydro- 
methylindol, or in non-cyclic combination as in hexahydromethyl toluidine. Various 
examples are given. 


Vulcanization of rubber. THE RUBBER SERVICE LABORATORIES Co. Fr. 652,254, 


Apr. 5, 1928. See Brit. 297,726 (C.-A. 23, 2851). 

Rubber vulcanization. THe RuBBER SERVICE LABoRATORIES Co. Fr. 652,817, 
Feb. 6, 1928. Compds. produced by the action of one or more mol. proportions of an 
aldehyde, preferably of the aromatic series, on a compd. resulting from the reaction 
of one mol. proportion of an aliphatic aldehyde on 2 mol. proportions of a primary 
aromatic amine are used as vulcanization accelerators. Examples are given. 

Rubber. ARNOLD R. F. vAN DER MARK and HEIN Kremer. Ger. 476,998, Apr. 
23, 1925. Rubber objects are prepd. from freshly coagulated rubber, and their walls 
expanded by gaseous, liquid or solid pressure media and vulcanized. 

Rubber latex. I. G. FarBEeninp. A.-G. Fr. 33,927, July 25, 1927. Addn. to 
630,983. Coagulation of latex is prevented by adding alcs., ketones or hydrocarbons 
or their derivs. and by adding neutral or alk. salts of acids such as diarylphosphoric 
and methylsulfuric acids. Latex with the addn. of suitable dispersing agents may be 
vulcanized with SO. and H:S. Products having a basis of rubber and resins are prepd. 
by coagulating mixts. of alk. solns. of hydroxyaryl-formaldehyde condensation products 
and latex and hardening the product which seps. 

Treating latex. VeErEpiIP, Lrp. Fr. 652,695, Apr. 14, 1928. Latex contg. NHs is 
thickened by the addn. of a small quantity of ZnO, preferably in a finely divided state. 
The ZnO is made into a paste with water and a few drops of NHs and a little latex are 
added to produce a thick liquid which is added to the mass of latex. The latex is after- 
wards heated. 

Rubber articles from latex. Uco Prsta.ozza (to Soc. Italiana Pirelli). U. S. 
1,717,248, June 11. In forming tubes, sheets, gloves or other articles, there is added 
to latex such a quantity of CaSO, or other suitable coagulating agent as will coagilate 
the latex solely at a temp. of 70-100°, the latex is then brought in contact with a mold 
ss is heated through the mold to effect coagulation; the coagulated latex is then 

Rubber articles. THe ANopE RuBBER Co., Lrp. Fr. 653,215, Jan. 25, 1928. 
In the production of rubber articles on molds by dipping or electrophoresis, ultra- 
accelerators are used which effect the complete vulcanization of the articles during 
drying. Suitable substances are diethylamine dithiocarbamate, furoic acid and di- 
thiofuroates and mercaptobenzothiazole. The vulcanization may be effected by heated 
air below 112°, or by dipping in hot water. An example is given. Cf. C. A. 23, 2604. 

Deposition of rubber. THe ANODE RUBBER Co. (ENGLAND), Lip. Fr. 654,809, 
May 24, 1928. In forming deposits or coatings from suspensions, particularly of 
rubber, in liquids, gel-forming substances such as gelatin, agar-agar, carragheen moss, 
albumins or ZnCl, are added to the liquid. Electrolytes or coagulants may also be 
added. Deposits may be formed by several dippings, ¢oagulation and drying taking 
place between each. Cf. C. A. 23, 3598. 
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Electrodeposition of rubber or similar substances. W. A. Wic.iams. Brit. 
299,738, June 28, 1927. Deposition is effected by inserting a pair of electrodes of 
different materials (such as a Zn anode and a C cathode provided with a depolarizer) 
into a latex which contains an electrolyte such as NH,Cl which does not readily cause 
coagulation and which will not evolve any substance deleterious to the latex or the 
deposit but will enter into chem. reaction with the anode and act as an excitant of elec. 
current. A voltage is used which is insufficient to decompose the added electrolyte 
and such that the total difference of potential between the electrodes is not sufficient 
to effect electrolysis of water. Fillers, vulcanizing agents and accelerators, etc., may 
be added to the latex. Cf. C. A. 23, 3376. 

Stabilizing rubber. Sr.EesIA VEREIN CHEMISCHER FABRIKEN. Fr. 653,479, Apr. 
26, 1928. Natural or artificial rubber is stabilized by the products of reaction of 
amines with polyhydroxyaldehydes such as sugar or with dissocn. products of poly- 
saccharides, alone or mixed together or with other stabilizers, an accelerator being used 
at the same time. Products which may be used are, the reaction product of (1) glucose 
and a-naphthylamine, PhNHe, m-toluylenediamine, urea or m-toluidine, (2) milk 
sugar and a-naphthylamine, (3) invert sugar and PhNH; or a-naphthylamine. 

Rubber composition. ARTHUR BIDDLE (to United Products Corp. of America). 
U. S. 1,716,478, June 11. A coating compn. suitable for use also as an insulating 
material, sealing, making molded articles, etc., comprises rubber 10 lbs. (as contained 
in latex), dispersed in 100 lbs. of a mixt. of petroleum, castor and linseed oils and 75 
lbs. of a casein glue soln. having a 20% casein content. Cf. C. A. 23, 547. 

Rubber composition. Hgrsert A. WINKELMANN (to B. F. Goodrich Co.). U.S. 
1,716,474, June 11. In reworking vulcanized scrap rubber, the comminuted material 
is masticated with a smaller proportion of crude rubber, admixed with pine tar and 
concd. H2SO, and heated to cause a vigorous exothermic reaction. 

Preserving rubber. ALBERT M. CuiirForpD (to Goodyear Tire & Rubber Co.). 
U. S. 1,717,093, June 11. About 1% of 6-dinaphthol or other suitable substance 
of the general formula HO—R—R,—OH, in which R and R; are naphthyl groups 
_— to rubber to render it more resistant to oxidation or aging. Cf. C. A. 23, 

—4, 

Sponge rubber. RecinatDJ.Noar. U.S. 1,717,168, June ll. Fr. 655,020, May 
31,1928. See Brit. 284,938 (C. A. 22, 4877). 

Vulcanization of rubber. M&TALLBANK UND METALLURGISCHE. Gus. A.-G. Fr. 
654,496, May 21,1928. See Brit. 291,438 (C. A. 23, 1309). 

Rubber. Monte L. CAMBERN, HERMAN O. LANGSTAFF and CHARLES J. STAPEL- 
FELD. Fr. 656,094, June 19, 1928. A crude rubber-like compd. or compd. suitable 
for addn. to rubber is obtained by distg. shale and condensing the vaporized portion. 
An app. is described. : 

synthetic rubber. I. G. Farseninp. A.-G. Brit. 301,515, Dec. 2, 1927. 1,3- 
Butadiene or a homolog or analog may be polymerized in the presence of a water-sol. 
roy Ks . bile acid or deriv., which serves to accelerate the polymerization. Cf.C. A. 

. 

Synthetic rubber. I. G. FaRBENIND. A.-G. Fr. 655,785, Mar. 2, 1928.—See 
Brit. 286,272 (C. A. 23, 310). 

Rubber compositions. C. Macrnrosu & Co., Lrp., S. A. Brazier and E. H. 
Hurzston. Brit. 300,936, Aug. 19, 1927. In the manuf. of transparent or translucent 
rubber compns., a Zn or Cd salt of an org. fatty acid such as stearic, palmitic, oleic or 
linoleic acid is incorporated with the mixt. before vulcanization. 

Rubber articles from dispersions. MErRwyNn C. TEAGUE (to Naugatuck Chemical 
Co.). U.S. 1,719,633, July 2. In forming gloves, toys or other articles, a form is 
repeatedly coated with a rubber dispersion and the dispersion is coagulated on the form. 
The coated form is washed after each coagulation operation and the coagulated rubber 
is subsequently dried on the form. 

Rubber sheet material. DuNLop RUBBER Co., Lrp., R. F. McKay and W. H. 
Cuapman. Brit. 301,367, July 25, 1927. In the manuf. of rubber sheets or impregnated 
fabrics, a creamy deposit is formed electrophoretically from a suitable dispersion, 
partially dried if desired and then removed from the surface of the drum or like device 
on which the deposit is formed. Numerous details are given. 

Perforated metal sheets, spools, etc., coated with rubber. ANopE RUBBER Co., 
Lrp. Brit. 301,300, Nov. 26, 1927. The coating may be formed by dipping the 
metal sheet or article into latex which may be thickened and mixed with fillers, vul- 
canizing ingredients, etc. Electrophoresis also may be used for producing the coating 
after a preliminary coating of the metal with an easily oxidizable metal such as Zn 
to prevent gas formation. Various details are given. 
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Artificial rubber. I. G. FaRBENIND. A.-G. Fr. 656,049, June 18, 1928. Masses 
resembling rubber are prepd. by polymerizing vinyl alc. in the presence of substances 
which, increase the elasticity, particularly org. N compds. Examples are given of the 
polymerization of vinyl acetate in the presence of casein, albumin, glycocoll and 
benzoyl peroxide, or C;oHs and benzoyl peroxide. 

Artificial rubber. I. G. FarBENIND. A.-G. Fr. 656,428, June 25, 1928. Rubber- 
like compds. are obtained by heating olefin hydrocarbons such as butadiene, isoprene 
or dimethylbutadiene with metallic oxides finely divided or sol. in colloids, such as PbOz, 
and Ag,O. Cf. C. A. 23, 2603. 

Artificial rubber. I. G. FarBEniND. A.-G. Fr. 655,217, June 4, 1928. The 
quality of artificial rubber from hydrocarbons is improved by a thorough mixing before 
vulcanization with finely divided C such as lampblack, active C or graphite. The 
C may be added to the hydrocarbons before polymerization. An example of both 
methods is given. 

Artificial rubber. I. G. FarBENIND. A.-G. Fr. 655,456, June 7, 1928. See Brit. 
292,103(C. A. 23, 1528). 

Rubber and like substances. THE ANODE RUBBER Co. (ENGLAND), Lip. Fr. 
655,535, June 8, 1928. Very viscous aq. dispersions of rubber, gutta-percha and balata 
are prepd. by adding polysaccharides, albuminoids or vegetable exts., which do not 
take a gel form even at high concn. Substances such as gelatin capable of forming 
gels may be added if hydrolyzed after addn. to a form incapable of gel formation, 
e. g., by NH; or amines. 

Electrophoretic deposition of rubber. DuNnLop RUBBER Co., Lrp., and D. F. 
Twiss. Brit. 301,100, July 25, 1927. In electrophoretic deposition of rubber, balata 
or the like from natural or artificial dispersions, H ions are introduced as by adding 
HOAc in excess of that required for coagulation (coagulation being prevented) and the 
deposit is formed on a cathode or on a deposition base surrounding the cathode. 

Rubber tubing. A.S. Grecc. Brit. 300,357, Sept. 27, 1927. Rubber tubing is 
provided with an external reénforcing of fabric and is then “doped”’ with a compn. 
such as one contg. cellulose acetate, nitrocellulose or a phenolic condensation product. 
The tubing is suitable for use for carrying coal gas and for various other purposes. 

Rubber-working apparatus with a liquid-spray cooling system. F. H. BANBury. 
Brit. 301,372, Nov. 28, 1927. Structural features. 

Testing strength of rubber or other fabrics. F. Scnupert. Brit. 301,324, Nov. 
24, 1927. Mech. features. 

Coagulating rubber from latex. I.G. FaRBENIND. A.-G. Brit. 300,719, Aug. 27, 
1927. Proteases (such as those contained in succus caricae papayae) are used i in the 
presence of addnl. substances facilitating the reaction or improving the properties 
of the rubber such as HCN, H:S or saline mixts. having buffer properties. Air may be 
preliminarily passed through latex stabilized with NH; until a px of 8 is attained. 

Preserving latex. I. G. FARBENIND. A.-G. Brit. 300,394, Nov. 18, 1927. The 
process described in Brit. 294,412 (C. A. 23, 2071) is modified by the use, for preserving 
latex, of salts of sulfonic acids having tanning properties, of which several examples 
rd given. Latex may be thus prepd., which is especially suitable for impregnating 

rics. 

Preserving latex. I. G. FARBENIND. A.-G. Brit. 300,456, April 2, 1928. To 
latex preserved as described in Brit. 294,412 (C. A. 23, 2071) or Brit. 300, 394 (preceding 
abstract) by the salts of sulfonic acids having soap-like or tanning properties, there is 
added aliphatic or aromatic alcs. which may contain substituted halogens, ketones, 
hydrocarbons or halogen, nitro or amino substitution products of hydrocarbons such 
as heptyl alc., cyclohexanone, tetrahydronaphthalene or PhNO:. The mixt. formed is 
stable and readily penetrates fabrics. 

Treating latex. W.B. Wescott (to Rubber Latex Research Corp.). Brit. 301,077, 
Nov. 25, 1927. See U.S. 1,690,150 (C. A. 23, 547). 

Forming inner tire tubes, etc., by deposition from latex. Soc. ITALIANA PIRELLI. 
Brit. 301,476-7, Nov. 30, 1927. Mech. features. 

entrifuging rubber latex to remove suspended impurities. AKTIEBOLAGET 
SEPARATOR. Brit. 301,085, Nov. 24, 1927. 

Rubber-surfaced pavements. GrRovE RuBBER Co., Lrp., and T. Gare. 
Brit. 300,319, Aug. 19, 1927. Structural features. 

Rubber vulcanization. J. TEppEMA (to Goodyear Tire & Rubber Co.). Brit. 
300,949, Nov. 21, 1927. A mercaptoarylthiazole in which at least one of the H atoms 
of the aryl ring is substituted, e. g., 5-chloromercaptobenzothiazole, is made to react 
with an amine, aryl or aliphatic compd., e. g., diphenylguanidine; the reaction 
product is used as an accelerator. Cf. C. A. 23, 3376 
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Vulcanizing rubber. RUBBER SERVICE LABORATORIES Co. Brit. 300,287, May 9, 
1927. Vulcanizing accelerators are made by treating the condensation products of 
aldehydes and amines known as ‘“‘Schiff’s bases’’ or the aldehyde derivs. of such bases 
with an acid, neutralizing the acid and then reacting on the product with addnl. aldehyde 
or with CS,. Examples are given. 

Vulcanizing rubber to leather. Lron B. Conant (to Standard Patent Process 
Corp.). U.S. 1,719,101, July 2. See Brit. 275,194 (C. A. 22, 2292). 

Steam-jacketted apparatus for vulcanizing rubber articles such as tires. JOHN R. 
GAMMETER (to B. F. Goodrich Co.). U.S. 1,719,218, July 2. 

Cellular rubber. Yves Cornic. Fr. 657,147, July 7, 1928. Substances capable 
of liberating CO,, NH; or CH, are added to latex, which is then coagulated and vulcanized. 

Rubber articles. IstvAN Doroc1, Lajos Doroci1 and Doroc1 Es Tarsa GummMIGc- 
yaR R. T. Fr. 656,661, Jan. 27, 1928. Articles having thin walls are composed of 
one or more layers of rubber or the like and one or more layers of cellulose derivs. 
adhering to the rubber. 

Rubber articles. Soc. ITALIANA PIRELLI. Fr. 656,473, June 26, 1928. Rubber 
articles are made direct from latex by the addn. to the latex of oxides or hydroxides of 
bi- or tervalent metals such as Zn, Mg, Ca, Al, assocd. with NH, salts. Cf. C. A. 
23, 3828. 
Deposition of rubber. ‘THe ANODE RuBBER Co. (ENGLAND), Lip. Fr. 657,364, 
Feb., 21, 1928. Deposition of rubber-contg. liquid dispersion prepd. with vulcanized 
rubber such as rubber regenerated from waste rubber or like substitutes of natural 
rubber is obtained on permanent supports. ‘The deposition may be carried out according 
to any of the processes described in Fr. 574,552, 638,504, 619,649, 632,144, 619,682, 
6§28,296, 647,413 (C. A. 23, 2603) or 647,232 (C. A. 23, 2603). 

Electrodeposition of rubber goods. Paut, KLEIN and ANDREW SzEGVARI (to 
Anode Rubber Co., Ltd.). U.S. 1,719,984, July 9. In effecting electrodeposition of 
solids from an aq. rubber dispersion on to a depositing backing such asa gypsum-coated 
anode, liquids are removed from the dispersion concurrently with the deposition of 
solids from it and modification of the effectiveness of the electro-osmotic action is 
effected by varying the relative pressures to which the dispersion and removed liquids, 
resp., are subjected. An app. is described. 

Forming rubber tire tubes, etc., by deposition of superposed layers from thickened 
latex on a mandrel. W. B. Wesscotr (to Rubber Latex Research Corp.). Brit. 
302,182, Dec. 10, 1927. Each layer is dried before the next is applied. An app. is 
described. 

Crepe-rubber soles made from latex and containing an abrasive substance. Soc. 
FINANCIERE DES CAOUTCHOUCS. Brit. 301,900, Dec. 9, 1927. Different methods 
are described of forming shoe soles or tread material from latex and finely divided 
materials such as silica, pumice or carborundum. 

Coating metals with rubber. A. JenNy. Brit. 302,250, Dec. 12, 1927. Metals 
such as Al, Zn, Fe or their alloys are coated by use of an alk. dispersion of rubber such 
as latex and an alk. soln. of stick lac or shellac, in an electrophoretic deposition process. 
Vulcanizing agents may be added to the dispersion. 

Sheeting, strips and coatings of rubber. DuNLop RuBBER Co., Ltp., D. F. Twiss 
and E. A. Murpuy. Brit. 302,201, Aug. 12, 1927. A conced. unvulcanized rubber 
latex compn. in the form of a cream is spread upon a moving surface and subjected to 
heat to effect setting or gelling as quickly as possible (the setting in the case of manuf. 
of coated fabrics occurring before the water in the dispersion penetrates the fabric 
to any substantial extent). Compns. as described in Brit. 290,313 (C. A. 23, 1012) 
or Brit. 219,635 (C. A. 19, 750) may be used, with or without various specified fillers 
and compounding and auxiliary ingredients. 

Bundle dipping process for coloring rubber bladders or toy balloons. Joun C. 
Grsson (to Pioneer Rubber Co.). U.S. 1,720,594, July 9. Mech. features. 

Bonding rubber to metal surfaces. Haro.p Gray (to B. F. Goodrich Co.). U.S. 
1,719,930, July 9. Previous to assocn. of a rubber compn. with a metal surface such 
as steel and vulcanization of the rubber under pressure, the metal is pretreated with 
substances such as H:SO,, HNOs, selenic acid, Se oxychloride, SbCl;, SbBr;, CueCle, 
FeF;, Pb chromate, HgCl,, Ni chloride, POCI;, PCls, PCl;, AlCl;, FeCl,, chlorosulfonic 
acid, TiCl, Co chloride, CuCl, Et2SOu, C2Cls, C2HCls, benzotrichloride, 
benzyl chloride, CHI;, naphthalene tetrachloride, benzenesulfonylchloride, or p-nitro- 
we chloride, which serve to promote good adhesion between the metal and rubber. 

. C. A. 23, 309. 

Coating iron or other metal surfaces with rubber. F. AHRENS and HaRZeR ACH- 

SENWERKE Ges. Brit. 302,935, Dec. 21, 1927. The metal surface is first etched with 
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a strong acid and there is then applied (repeatedly if necessary) a soln. of rubber 
AmOAc with or without CCl,, to which swelling agents may be added, and a sheet 
of rubber is finally pressed on to the prepd. surface and, if not already vulcanized, 
may be vulcanized in situ. 

Rubber with variegated colorations. GumMI- UND BALATAWERKE MarTapor A.-G. and 
F. Girc. Brit. 302,102, April 2, 1928. Marbled, veined or streaked sheet material 
is formed by rolling or otherwise suitably working together portions of differently 
colored primary masses to which graded proportions of gas-forming and softening 
substances have been previously added. The primary materials may be partially 
vulcanized in order to secure sharper definition between the colors when they are 
combined. 

Adhesive rubber composition. MErrwyn C. Treacug (to General Rubber Co.). 
U. S. 1,719,948, July 9. .See Can. 280,523 (C. A. 22, 2856). 

Preserving rubber. A. M. Cuiirrorp (to Goodyear Tire & Rubber Co.). Brit. 
302,271, Dec. 13, 1927. Aging qualities of rubber are improved by addn. of compds. 
such as 8,B-dinaphthylamine or a,8-dinaphthylamine or other suitable secondary amines 
in which hydrocarbon radicals (preferably aryl) are of the same series. Details are 
given of the manuf. of the 2 compds. mentioned. 

Preserving rubber. A. M. Ciirrorp (to Goodyear Tire and Rubber Co.). Brit. 
302,144, Dec. 10, 1927. ‘The ‘‘aging qualities” of rubber are improved by the addn. 
to the reaction product of an aromatic amine and an aliphatic acid or ester of such an 
acid, such as formnaphthalide, 6B-naphthylaminoaceto-8-naphthalide, naphthylmono- 
formamide of ethylenediamine or the reaction product of a- or 6-naphthylamine and Et 
acetoacetate. Brit. 302,147 specifies the use of substances such as a-chloro-8-naphthol 
or a-amino-$-naphthol. Cf. C. A. 23, 3828. 

Preserving jelutong. BrECHNUT PackING Co. Brit. 302,850, March 29, 1928. 
Coagulated jelutong is preserved from oxidation by treating it with Na or NH, primary 
or secondary phosphates or (less suitably) with NH, tartrate, sulfate, chloride or acetate. 

Apparatus for stirring up dispersions particularly of rubber in water. THE ANODE 
RuBBER Co. (ENGLAND), Ltp. Fr. 656,660, Jan. 16, 1928. 

Vulcanization accelerators. IMPERIAL ‘CHEMICAL Inpustrigs, Lrp. Fr. 657,177, 
July 9, 1928. Dithiocarbamates and thiuram sulfides of morpholine and its C-substi- 
tuted derivs. which are used as vulcanization accelerators are prepd. by treating morpho- 
line or its C-substituted derivs. with CS. 

Vulcanizing rubber. CiayTon W. Beprorp (to B. F. Goodrich Co.). U. S. 
1,719,920, July 9. A polysulfide of a thioamine such as N-dithioaniline is used as a 
vulcanizing agent or an accelerator. Cf. C. A. 23, 698. 

Vulcanizing rubber. J. TeppEMA (to Goodyear Tire and Rubber Co.). Brit. 
302,142, Dec. 10, 1927. Vulcanization is accelerated by use of the reaction product of a 
2-halobenzothiazole such as 2-chlorobenzothiazole and a dithiocarbamate such as Na 
diethyldithiocarbamate. The prepn. of the reaction product of 6-nitro-2-chloro- 
benzothiazole and Na diethyldithiocarbamate is also described and salts of piperidyl- 
and benzyldithiocarbamates, etc., also are referred to. Brit. 302,143 specifies the use 
as an accelerator of the reaction product of a benzoylnitrophenylsulfur halide such 
as 2-benzoyl-4-nitrophenylsulfur bromide and an alkali salt of an org. sulfide suchas Na 
diethyldithiocarbamate. Cf. C. A. 23, 4103. 

Rubber vulcanization. S. M. Capwe.t (to Naugatuck Chemical Co.). Brit. 
302,176, Nov. 1, 1926. An accelerator is used comprising a hydrolyzed halogen-free 
deriv. of aldehydeamine condensation products from an aldehyde having a plurality 
of C atoms in open chain such as the condensation product from heptaldehyde and 
aniline. Cf. C. A. 23, 1309. 

Rubber vulcanization. WunFrrELp Scotr (to E. I. pu Pont p—k Nemours & Co.). 
U. S. 1,721,057, July 16. A ditolylguanidine is used as an accelerator. 

Rubber vulcanization. A. VosHacg. Brit. 301,802, Dec. 5, 1927. Vulcanizing 
molds are treated (suitably by spraying) with a soln. such as sugar ‘and dextrin, to clean 
them and prevent formation of crust or scale. 

Synthetic rubber. J. Bagr. Brit. 302,399, Sept. 16, 1927. An elastic rubber- 
like product is obtained by the action of sulfides of NH, or alkalies or alk. earths as 
polymerization agents on satd. halogenated hydrocarbons such as methylene or ethylene 
dichlorides, dibromides or diiodides. Cf. C. A. 23, 3376. 

Synthetic rubber. I.G. FarsBeninpD. A.-G. Brit. 302,733, Dec. 21, 1927. A mixt. 
is formed of various polymerization products of the same hydrocarbon of the butadiene 
type, such as various polymerization products of isoprene. Cf. C. A. 23, 2324. 

Rubber. THE ANoDE RuBBER Co. (ENGLAND), Lip. (Robert F. McKay and 
Wilfred H. Chapman, applicants in England). Fr. 657,611, July 17, 1928. Rubber, 
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ete., sheets or coated or impregnated fabrics are made by obtaining a creamy deposit 
electrophoretically on a drum, etc., drying and removing. The aq. dispersion used 
preferably includes a protective colloid such as casein or gelatin in amt. greater than 
formerly used. 

Rubber. I. G. FarBEninp. A.-G. Fr. 657,584, July 17, 1928. Rubber is pptd. 
from its latex by mixing it rapidly with acid, e. g., HCl ‘of such concn. that the px value of 
the mixt. is less than 2 and preferably less than 1. Substances which lower the surface 
tension may be added after the acid treatment. 

Treating rubber latex. AKTIEBOLAGET SEPARATOR. Brit. 303,895, Jan. 13, 1928. 
The liquid poor in rubber obtained by dividing latex into 2 portions by centrifuging is 
centrifuged again to remove impurities before coagulating the rubber. 

Electrodeposition of rubber from latex. S. O. Cowpsr-Cozs. Brit. 303,214, 
Oct. 3, 1927. An app. is described having a perforated cathode arranged so as to permit 
any gas generated to escape through the perforations. Various structural details are 
described. Cf. C. A. 23, 1309. 

Electrodeposition of rubber together with sulfur. Samug. E. SHEPPARD and Lon 
W. EBERLIN (to American Anode, Inc.). U. S. 1,723,083, Aug. 6. Deposition is 
effected, from an admixture of a colloidal dispersion of Ss) and an alk. aq. emulsion of un- 
vulcanized rubber, in the form of droplets. 

Electric deposition of rubber. IMPERIAL CHEMICAL INDUSTRIES, Lrp., A. J. 
woop, W. J. S. NAUNTON and A. SHEPHERDSON. Brit. 303,564, Oct. 7, 1927. In elec. 
deposition of rubber or the like from an aq. emulsion, there is added to the emulsion used 
an org. compd. adapted to form on oxidation at the anode a vulcanization accelerator. 
Na diethyldithiocarbamate, hydroquinone or a dimercaptan may be used. Leuco vat 
dyes, and other modifying ingredients also may be added. 

Rubber deposition. DuNLop RuBBER Co., Lip. and W. H. Pauty. Brit. 303,- 
765, Oct. 7, 1927. Material for shoe soles or heels, tire treads, etc., is formed by electro- 
phoresis or dipping from latex admixed with a viscose or oxycellulose soln., with fillers, 
vulcanizing agents, etc. 

Rubber deposition. THe ANopE RupBER Co. (ENGLAND), Lip. Fr. 657,948, 
July 21, 1928. In the electrophoretic deposition of rubber or like substances from aq. 
dispersions, the dispersion i is treated in such a way that the particles have a pos. charge, 
after which the deposition is carried out on a support mounted at the cathode. H2.SO, 
or AcOH may be used, and the H liberated may be fixed by using a cathode having an 
oxidizing action or by adding oxidizing substances to the dispersion. 

Rubber tubing. Duniop RuBBER Co., Lrp., D. F. Twiss and E. A. Murpny. 
Brit. 303,546, Oct. 5, 1927. A core is passed (several times if desired) through an aq. 
dispersion of rubber, the coating is dried on the core, and the core may then be sepd. from 
the tubing formed by use of compressed air. Various details are given. 

Mixing machine for treating rubber, etc. RicHarp C. Lewis (to Farrel-Birming- 
ham Co.). U.S. 1,721,962, July 23. Structural features. 

Rubber facings on various surfaces. L. P. F. F. Cresson. Brit. 303,400, Sept. 
2,1927. In applying rubber facings to cement or concrete floors, walls, table tops, etc., 
an excess of S above that required to form hard rubber is provided either in the base or 
in the rubber, so that a polysulfide is formed which permeates the interfacial surfaces and 
firmly unites the rubber to the cement. ‘The cement may be mixed with various fibrous 
materials and the process is also applicable to materials such as felt or woven fabric 
impregnated with cement. Various details are given. 

~~ deposits from water. DuNLOP RUBBER Co., Lrp., E. A. MuRPHY 
and D. F ss. Brit. 303,544, Oct. 5, 1927. Various rubber deposits produced from 
either natural or artificial dispersions are treated, for removal of water, with a soln. of a 
salt or mixt. of salts such as NaCl, NH,Cl, NH,OAc, CaCl, alums or MgSQ,, with or 
without an acid such as HOAc or mixt. of acids or with fused substances which m. below 
100° such as NaOAc or Na,S.03, acetamide, or NH, acetate or formate. Dehydration 
is effected by continuous penetrative osmotic action. Insol. or gelatinous thickening 
agents, etc., may be added to the solns. 

Transparent vulcanized rubber. DuNLop RussBeErR Co., Lip., D. F. Twiss and 
FE. A. Murpuy. Brit. 303,545, Oct. 5, 1927. Transparent. vulcanized rubber is ob- 
tained without the use of a Zn activator by forming a deposit by electrophoretic or chem. 
means, or by dipping, spreading, coating, molding or extrusion from natural latex (which 
may be concd. in various specified ways) with addn. of S and of an ‘‘ultra accelerator” 
such as Zn dialkyldithiocarbamate, Zn piperidine carbothionolate or a Zn alkyl xanthate, 
with or without various stabilizing and softening agents, etc. The product may be vul- 
canized in boiling water or in a hot soln. of CaCl, or NH,OAc used for removing water as 
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described in Brit. 303,544 (cf. preceding abstr.) and is finally treated in a 10% boiling 
NaOH soln. to remove free S and accelerator. 

Rubber vulcanization accelerators. ImpERIAL CHEMICAL INDUSTRIES, Ltp., W. 
J. S. NaunTon and J. B. Payman. Brit. 303,535, Aug. 31, 1927. Dithiocarbamates 
and thiuram sulfides of morpholine and its C-substituted derivs. which serve as'accelera- 
tors are formed by treating morpholine or its C-substituted derivs. with CS,.. Examples 
are given of the production of Zn morphyldithiocarbamate, morpholine morphyldithio- 
carbamate, dimorphylthiuram disulfide, dimorphylthiuram monosulfide and dimorphyl- 
thiuram ‘“‘tetrasulfide.”’ 

Vulcanization accelerators. AMERICAN CyANAmID Co. Fr. 657,807, July: 18, 1928. 
Vulcanization accelerators are obtained by heating org. compds. contg. O with S and P. 
The S and P may be combined as P,S;, and the org. compds. may be of the aliphatic or 
aromatic series, preferably contg. OH groups such as BuOH or AmOH. Better results 
are obtained if a metallic oxide and a N compd. such as guanidine are also added. The 
reaction products are probably dithiophosphates. 

Vulcanizing and preserving rubber. J.’TEPPEMA (to Goodyear Tire & Rubber Co.). 
Brit. 303,827, Jan. 10, 1928. Reaction products of mercaptothiazoles with nitroso 
compds. (such as the reaction products of mercaptobenzothiazole with nitrosodimethyl- 
aniline or with nitrosonaphthol) are used as vulcanization accelerators and also serve to 
improve “‘aging qualities.” Cf. C. A. 23, 4376. 

Timing and recording devices, etc., for rubber molding and vulcanizing apparatus. 
DuNnLopP RuBBER Co., Ltp., H. Wi.usHaw, W. A. Davis and H. Smita. Brit. 303,075, 
Aug. 22, 1927. Structural features. 


[Reprinted from Inp1a RuBBeR Wortp, Vel. 80, 
No. 3, pages 67-70. June 1, 1929] 


Tire Design With Relation 
to Comfort, Flexibility, 
and Wear 


T. M. Knowland 
Hood Rubber Co., Watertown, Mass. 


factors in tire design which exert a controlling in- 

fluence on tire comfort, flexibility, and wear. It is 
not attempted to add to any of the fundamental principles 
of tire design already laid down, but it is hoped to give a 
somewhat clearer insight into some of the simple mechanics 
and economics of tire behavior. In doing so, acknowledg- 
ment should always be made of the important and funda- 
mental work of Schippel’ and Healy”, whose investigations 
have provided an exhaustive research into tire mechanics. 

The scope of tire design is so broad that only a very few 
of the most important phases of it can be treated here. Sev- 
eral hundred specifications enter into the construction and 
composition of a single tire. Furthermore, the recognized 
types of tire failures are very considerable in number and 
may be due to either chemical or mechanical defects, or both. 
All normal tire failures, however, can be broadly classified 
as carcass failures, or wear failures, the chemical difficulties 
being included in both groups. 

A perfectly balanced tire, correctly cured, will fail through 
tread wear, the carcass being designed to last somewhat 
longer than the tread. Normal carcass failures are due to 
the bending action or deflection which takes place with every 
revolution on the road, while tread failures are due in gen- 
eral to the abrasive action of the road. 

Pneumatic tires are used on automobiles because they are 
resilient, and because they can deflect and prevent ordinary 
obstacles on the road from imparting an instantaneous 
vertical acceleration to the automobile wheels. This is due 
to the fact that a tire resembles, to a certain extent, a full 
elliptic spring. A comparison of the relative rates of deflec- 
tion of a 6-inch tire and a 40-inch spring is shown in Plate 
1. This indicates the relative absorption capacity of a tire 
at full inflation pressure and at 25 per cent. under-inflation. 

Plate 2 shows what is meant by deflection, by percentage 
deflection, and by rate of deflection. The comfort of a tire 


1 “Fabric Stresses in Tires.” Ind. & Eng. Chem. Nov., 1923. 
1“The Tire as a Part of the Suspension System,” Auto. Eng. Dec., 1924. 
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depends largely on its ability to absorb a given obstruction 
without an instant rebound, and there are two cases to con- 
sider. First, when the tire meets an obstruction at high 
speed, so that the obstruction is completely absorbed by the 
tire which reacts upward a fraction of a second later. Sec- 
ondly, when the tire meets the obstacle at slow speed and 
although deflected, is almost instantly thrown in the air. To 
determine the impact effect on a tire passing an obstacle at 
high speed, the tire may be compressed on a plane surface 
under a normal load and the deflection noted. The obstacle 
is then placed in a series of positions under the tire, which 
is additionally loaded so as to maintain the same constant 
deflection that was present under normal load. The amount 
of additional loading required is obviously a direct measure 
of the upward force of the obstacle and is proportional to its 
height and shape. 

The time required in passing the obstacle, multiplied by 
the average upward force of the obstacle, gives the impulse 
which is imparted to the wheel and which the automobilist 
is most anxious to avoid. In carrying out these experiments 
on different tires, it has been found that the upward reacting 
force—and therefore the upward impulse—is approximately 
the same regardless of the load or the tire size, provided 
the rate of deflection under static load is the same in each 
case. 

In other words, the comfort of the tire itself, or its ability 
to withstand road shocks can be measured by determining 
its rate of deflection under static load. It further follows 
that a 30 by 34-inch, high-pressure tire is substantially 
as comfortable for an automobile as a 6-inch balloon tire 
provided its rate of deflection under load is the same, and it 
can be made approximately the same by suitably regulating 
the inflation pressures. Of course, the tire life would be 
enormously decreased. 

The effect on the axle of passing obstacles at low speed 
has been determined with various types of accelerometers and 
the comfort factor of different tires determined dynamically. 

It is quite generally agreed that the disagreeable jarring 
sensations experienced in automobile riding are not due to the 
amount of vertical displacement of the wheels nor to the 
vertical velocity, but to the vertical acceleration. The human 
body, in other words, is very sensitive to changes in accelera- 
tion, and it is possible to accurately measure this discomfort 
effect by use of a seismograph attached to the axle, which 
_gives the vertical displacements as the axle travels over the 
obstacle. See Plate 3. 

From the vertical displacement (1) can be plotted the 
vertical velocity (2), which is the slope of the vertical dis- 
placement line. The vertical acceleration (3) or degree of 
discomfort experienced can further be plotted as the slope. of 
the vertical velocity line as indicated. This represents an 
accurate dynamic method of measuring the comfort of a tire. 
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But it is interesting to note that it has been pointed out by 
Purdy and Day® that tires which have been classified as to 
comfort by the dynamic method almost invariably classify 
in exactly the same order when tested by the static'rate of 
deflection tests. 
Another important characteristic of a tire is its damping 
effect, or inability to recover completely from a given de- 
formation. The damping effect can be measured by mount- 
ing the tire on a beam device and allowing the tire to fall, 
measurements being taken of the subsequent vibrations, and 
the damping factor being calculated as the log of the ratio 
of the successive amplitudes of vibration. Damping is a 
measure of the amount of work done on the tire during de- 
formation which must be evolved in the form of heat. A 
tire with a high damping coefficient is naturally much more 
comfortable to ride on, but its life is cut down because of 
the damaging effect of flexing on the stiffer carcass construc- 
tion, and the higher temperatures at which it is forced to 
operate. The cord tire came into general use simply because 
it was more resilient and efficient, although less comfortable 
than the fabric tire, which had a higher damping factor. 
The tire maker is primarily interested in the per cent. de- 
flection to which his tires will be subjected. The tire con- 
sumer, on the other hand, is primarily interested in the rate 
of deflection under load. Both, however, are vitally inter- 
ested in the cost per mile. If a tire is inflated and then 
subjected to varying loads, it will be found that the per cent. 
deflection is nearly proportional to the load as shown in 
Plate 4. It will be noticed that at the lower inflation pres- 
sures the per cent. deflection increases at a faster rate with 
the load than with the higher pressures. The motorist has 
noticed this also and has found out that the high per cent. 
deflection obtained by lowering his inflation pressures means 
a rapid increase in the rate of deflection or comfort factor. 
As previously pointed out, tire life is proportional, among 
‘other things, to the number and severity of the flexures to 
which the carcass is subjected, and that the severity of these 
flexures is proportional to the per cent. deflection at which 
the tire is operated. 
It has been repeatedly demonstrated that for every per- 


centage increase in carcass deflection above 12 per cent. there - 


is a rapid and proportionate decrease in tire-carcass life. 
The money loss amounts to approximately $.001 per mile 
based on the present retail price schedules and on sizes rang- 
ing from 4.40 to 6.75. This loss is quite constant for the 
different sizes, and is due to the fact that the increased cost 


in the large sizes is offset by the decreased rate of deflection — 


due to a 10-pound reduction in inflation pressure.' Figures 


of this character apply only to high quality tires which are 
_ allowed to deliver full mileage.. Rim width, tire diameter, - 
tread contour, and number, of plies, all have an effect on the | 


8S. A. E. Jour., Mar., 1927. 
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comfort; but a discussion of these effects is outside the scope 
of this paper. 

We will now take up the question of tire-carcass failure 
and consider some of the stresses to which a tire is subjected. 
Reference to Plate 5 will make clearer the location of the 
most important stresses. 

First, the inflation pressure tends to blow the tire apart 
along the transverse diameters such as A D, also along the 
cross-sectional diameters such as B C, as shown in Figure 1. 
These two stresses put the carcass cords in tension when the 
tire is inflated. The inflation pressure, however, must be 
corrected by the amount of pressure necessary to inflate the 
tube and this reduction in pressure tends to reduce the ten- 
sion on the cords. The toroidal shape of the tire also has 
an effect on the transverse stress and tends to make it a 
maximum at point P in the tread center, gradually becoming 
less till it reaches a minimum at the beads. The stress in- 
tensities in the carcass can further be resolved into stresses 
acting along the individual cords, in direction R and in 
direction L, and after suitable corrections have been made 
for the count or number of cords per inch, the bursting st1'ess 
can be calculated. It is, furthermore, possible to determine 
the different stresses in the different plies, and it will be 
found that the maximum bursting stress occurs on the inside 
ply at the crown of the tire at P. 

Normal carcass failures are due, however, to the flexing 
or bending action which a tire undergoes when revolving on 
the road. A 30-inch tire, for example, will undergo 670 | 
flexings during each mile of travel, or about 9,500,000 flex- 
ings during the tire life. Failure is eventually caused by the 
constant bending or “flexing and by the constant fluctuation 
in cord tension in thé carcass, as well as by the localization 
of the heat effects involved at the point of flexing. 

During flexing on the road, an entirely new stress condi- 
tion is set up, and this condition acts to increase the stress 
in certain zones in the cord carcass and to reduce it in 
certain other zones, as shown by the shaded area in the 
section. It is in this shaded area where the stresses continu- 
ally vary from the normal, due to inflation to a minimum 
below inflation, that flexing trouble is most certain to occur. 
Carcass failures, other than accidental ones, therefore 
occur normally along the transverse circumference on the 
shoulder, at Y, where the greatest flexing takes place. Since 
the tension in some of the cords is actually lessened during 
the bending of the tire on the road, it would follow that car- 
cass life is affected more seriously by the angle of bending 
of the individual cords than by the changes in carcass ten- 
sion, although both exert an important influence. 

In order to show graphically the bending action in the tire 
carcass as it revolves on the road, reference can be made to 
Plate 6. Figure 1 shows a half section of a normal un- 
inflated carcass of a 32 by 6.00 tire and the letters 
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B, C, D, E, and F show the points on the interior of the 
carcass where the bending action takes place. The radius 
of curvature at each of these points is indicated as RB, RE, 
etc., as shown. Figure 2 shows the same carcass section in 
the deflected condition, and inspection shows that the various 
radii of curvature have undergone a change. Practically all 
the radii have become smaller, indicating a sharper curva- 
ture at points C, D, and E. In other words, the curvature 
at all points along the carcass has undergone a change due to 
bending, and it is the result of these repeated changes in 
curvature as the tire revolves which destroys the carcass. 

It is possible to evaluate the degree of curvature at any 
point B in the carcass by taking the reciprocal of the radius 


at B, that is -—, and the points so obtained can be plotted as 
RB 


in Figure 3. In this plot the abscissae are the points B, C, 
1 


D, E, and F, while the ordinates are the values of — or the 

R 
curvature. Curve 1 shows the degree of curvature at the 
different points along the undeflected carcass, and it will 
be noted that the greatest curvature occurs between B and C, 
or just above the bead, and again at E on the shoulder of 
the tire. Curve 2 shows the various curvatures of the de- 
flected carcass when the carcass is at 14 per cent. deflection. 
It follows that the vertical difference between curves 1 and 2° 
represents the change in curvature between the undeflected 
and the deflected condition. We are able, therefore, to plot 
a third curve, 3, which shows this difference, and, therefore, 
shows the degree of flexing at all points in the carcass. At 
point B, just above the bead, the flexing is quite pronounced 
and gradually increases until C is reached. Flexing then 
decreases until between C and D it falls to zero. It then 
increases until point E is reached, where it is a maximum; 
then falls off to zero as F is reached. 

A study of this flexing curve which should be plotted for 
all new tire designs is very interesting. It shows first of 
all that this particular carcass wil! fail close to point E, 
since this is the point of greatest flexing, and that the next 
weakest spot is close to point C as indicated. It is possible, 
through correct tire design, to modify the flexing to a con- 
siderable degree and to displace the maximum flexing toward 
a point where it will do the least harm; that is, where the 
carcass is thinnest as at D. A tire carcass which fails at C 
or above the bead shows radically poor design as flexing is 
readily displaced at this point, and should never equal the 
values reached at the shoulder where the tire meets the road. 
So much for carcass flexibility. 

As previously pointed out, the normal tire fails through 
tread wear. This subject is still in the controversial stage, 
but it is hoped to indicate at least a basis for comparison of 
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the different factors which control abrasive wear. It is a 
reasonable assumption that tread wear, for a given tread 
.compound and design, and for given road conditions and 
temperatures, is a function of: (1) The average pressure of 
the tread against the road. (2) The average tread slippage 
velocity. (3) The average distance of tread slippage. 


In other words 
Rate of Wear = K (>, pase) (Slippage distance) (Pressure 


Velocity 
of Contact). 

This would seem to be borne out by the recent work of 
Lambourn‘, who reports wear as proportional to the (slip- 
page)’, and since the velocity equals the slippage distance 
divided by the time, the rate of wear on unit area of contact 
can be written 

(Slippage )* 
Rate of Wear = K ——————- (Pressure Intensity). 
Time 
1 


Since — can be included in the constant, the wear should 


be proportional to the (slippage)? as shown by Lambourn. 


To obtain a better picture of tread wear, it is therefore 
desirable to make an analysis of the pressure distribution 
and the slippage distribution on the tread surface exposed 
to the road, as shown in Plate 7. 

When the tire is deflected on the road, the contact surface 
formed between the two is called the tread contact, and the 
character of this contact depends on the size and design of 
the tire as well as on the load and inflation pressure em- 
ployed. It is, of course, on this area that tread wear takes 
place as the tire revolves on the road. Figures 3 and 4 are 
typical tread contacts for two distinct types of treads. 


Since this tread-contact area supports the entire wheel 
load, it follows that the total pressure acting equals the load. 
It is, furthermore, obvious that if the tire were a very thin 
membrane, the pressure intensity over the entire pattern 
would equal the inflation pressure. Due, however, to the 
arch effect of the carcass and to the tread pattern or design, 
the pressure intensity varies as shown by the shaded areas in 
the diagrams. 

Figure 3 represents the contact area formed by a rounded 
tread tire and Figure 4 the contact area formed by a flat 
tread tire, both tires being the same size and inflated to the 
same pressure. 

In the case of tread No. 1, the pressure intensity increases 
from zero at the contact edges and reaches a maximum at C,, 
the tread center, then falls off again to zero. This curious 
effect of pressure intensity distribution is due to the arch- 


4“Methods of Determining Abrasion.” 7. R. I. Trans. Oct.. 1928. ° 
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like support of the carcass, which in rounded tires tends to 
concentrate the pressure at the center of the pattern. 

For the flat tread, the pressure rises from zero and reaches 
a maximum, then falls off at the tread center C,. It then 
rises symmetrically and falls again to zero on the opposite 
contact edge. In a very flat tire or a very large tire it can 
be mathematically shown that the tread pressure at C, tends 
to approach the inflation pressure as a limit due to the 
absence of the arch effect of the carcass. Plate 9 shows an 
actual photograph made by deflecting a very rounded tread 
against heavy paper and the concentration of pressure at the 
tread center is very plain. Plate 10 shows a print of a flat 
tread taken in the same manner and the lessening of the 
pressure intensity at the tread center is very apparent. 

It is possible, therefore, from an analysis of the pressure- 
intensity distribution shown in Plate 7, Figure 3 and Figure 
4, to plot the average pressure intensities along the various 
sections—1, 2, 3, 4, and 5 in Figure 3, and 6, 7, 8, 9, and 
10 in Figure 4, and this average for each tire is shown in 
Figure 5 as curve M and in Figure 6 as curve N. It will 
be noticed that the pressure potential for wear is very differ- 
ent in the two cases, being concentrated in the case of the 
round tread at the tread center, while in the curve of the 
flat tread it is midway between tread center and outside 
edges. The tread pressure intensity distribution is pro- 
foundly affected, however, by the tire size, the shape, dis- 
tribution, and area percentage of the non-skid effect, and 
the carcass stiffness. 

Having considered the effect of contact pressure between 
tire and road as one of the potentials for wear, we will con- 
clude with a consideration of the slippage effects, which are 
brought out in Plate 8. This plate shows the round tread 
tire, Figure 1, and the flat tread tire, Figure 2, deflected 
against the road. Referring to Figure 1, Co to Cg inclusive 
are the circumferences of the tire at various points on the 
tread surface, and Figure 2, C7 tc C3 inclusive are the 
various circumferences of the flat tread tire. 

A casual inspection of Figure 1 shows that there is a 
large difference in the circumferences at different parts of 
the tread. For example, Co and Cg, are much shorter than 
C;. On a 30 by 6.00-inch tire this can amount to as much 
as 4 per cent. Now everyone knows that as a tire makes 
one revolution on the road, the car travels a distance equal 
to the rolling circumference of the tire. But what is the 
rolling circumference of the tire? Is it Co or Cg? If it is 
C,, then the tread at C, must slip backward or drag by an 
amount equal to the difference between Cz and Cy. Prac- 
tically, a compromise is reached and the center of the tread 
drags a certain amount while the outer edges slip forward a 
certain amount. The slip along each one of the sections 
should be proportional to a factor which might be called the 
potential for slip. 
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While the forces acting along the different circumferences 
can doubtless be calculated and the distance and velocity 
of slip along each line established, we can refer to the recent 

’ work of Holt and Cook®, who have determined the relative 
distances of slip along the different sections by means of © 
waxed plates dusted with carborundum powder, Analysis 
of their pictures shows that the direction of slippage is as 
indicated in Figure 5 and proves that the distance of slip- 
page for normal tractive effect is a maximum on the out- 
side edges or shoulder and is about twice that at the tread 
center. The tread center drags while the shoulders move 
forward and many intricate lateral movements take . place 
between the two zones of motion. 

Under these conditions it is possible to represent 
the slippage by curve G in Figure 3 and as curve H in 
Figure 4. The difference in shapes of the two curves is 
due to the fact that there is less difference in the various 
tread circumferences on the flat tread tire. The total slip- 
page is, therefore, decreased on this tread as compared with 
the rounded tread, but the ratio of center movement to edge 
movement is about one-half in each case. 

If we apply an approximation of the wear formula sug- 
gested as a function of pressure times (slippage)*, the wear 
curve £ for the round tread, Figure 1, and the wear curve F 
for the flat tread, Figure 2, can be drawn approximately as 
shown. 

In conclusion, I wish to point out that the analysis of 
tread wear just suggested is not intended to be other than 
qualitative. It must be borne in mind that a new tire has 
certain potentials for wear along certain transverse sections, 
and that along certain of these sections wear will proceed 
very rapidly at the start. As these sections wear down, the 
pressure potential is shifted to other sections and the ulti- 
mate result is an equilibrium where the wear per unit area 
tends to become uniform on all sections in the contact area. 
"8 “Measurement of the Tread Movement of Pneumatic Tites and a Dis- 


cussion of the Probable Relation to Tread Wear.” Research Paper No. 2 
Bu. Stand. J. R., July, 1928. 


(Reprinted from InpIA RupBer Vol. 80, 
No. 3, pages 55-61. June 1, 1929] 


Vulcanization Without the 
Use of Sulphur 


Iwan Ostromislensky 


S far back as 1915 I described the various methods 
of vulcanizing rubber without the use of sulphur! 
which I was the first to discover. At the same time 

these researches gave rise to an international controversy in 
scientific circles*. For reasons beyond my control I have 
not until now been able either to publish the results of 
my physical or strictly technical tests of rubbers vulcanized 
by my new methods, or to place numerical valuations on 
their physical properties. 

Many chemists who have repeated my experiments, of 
course under somewhat different conditions, often obtained 
results that did not coincide with mine. In consequence a 
number of discrepancies have gradually crept into the litera- 
ture and in places even generalizations that are contrary to 
fact (C. Harries). Among others, B. D. Porritt? claims 


that 1.3.5. trinitrobenzene, although a vulcanizing agent for 
rubber, is inactive in the absence of oxides. This state- 
ment, as will be shown subsequently, is incorrect. More- 
over, some of the experimenters have come to the conclusion 
that the vulcanization of rubber without sulphur cannot be 
applied practically in the rubber industry‘. 


1J. Russ. Chem.-Phys. Soc., 47, pp. 1,441, 1,453, 1,462, 1,467, 1,885, 1,904, 
(1915). For translations and reviews of these articles see Chem. Abstracts, 
10, 1,943, 1,946, 3,177, (1916); Jbid, 14, p. 235, (1920); J. Chem. Soc 
110-1, p. 278, (1916); J. "Soc. Chem. Ind., 35, pp. 59, 370, (1916); Ibid, 
38, 955a, (1919); Inp1A RuBBER WorLp, 54, pp. 410, 536, (1916); Ibid, 55, 
65, (1916); Jbid, 61, 151, edt India Rubber J., 52, pp. 467, 469, (1916); 

(1917); Caoutchouc & gutta-percha, 13, 8,864, 

Ibid, 20, p. 11,778, (1923); Chem. 

74, 786, oll, 955, ( 1916); Z. angew. Chem., 30, II, 48, (1916); 

Gummi- Ztg., 30, 1,102, Ue Ibid, 34, p. 275, (1920); Chem.-Tech. 

Reportorium, 40, 424, (1906); Z . Untersuch. Leben., 38, 325, (1919); Kunst- 
stoffe, 12, p. 151, (1922). A more or less complete digest of my work 
will be found in Pearson's “Crude Rubber and Compounding Ingredients,” 
p. 275, N. Y., 1918, and in B. T. Brook’s “The Chemistry of Non- 
Benzenoid Hydrocarbons and Their Derivatives,” p. 137, N. Y., 1922. / 

7H, P. Stevens, “Problems of Vulcanization by Nitrobenzene.” Caout- 
chouc & gutta-percha, 13, 8,880, (1916); E. Buntschoten Chem. Week- 
blad, 15, 257, (1918); Rubber Age, 5, 291, (1919); Chem. Abstracts, 12, 
1,518, (1918); J. Chem. Soc., 114-i, 503, (1918); Koiloid Z., 23, 25, 

(1918); Inpta RUBBER betes 60, 559, (1919); India Rubber J., 56, 719, 
(1918) : J. Chem. Ind., 119; Z. angew. Chem., 31, IT, 292, (1918): 
Gummi-Ztg., 32, (1918); 1918, I, 983; Le Caoutchouc 
& gutta-percha, 1 9,765, RA (19 

8India Rubber 52, 916): Chem,’ Abstracts, 11, Scit. 
American, 82, 374, (i916); ws Soc. Chem. Ind., 35, 986, 16). 

‘The Japanese experimenter, K. Sumitomo, on the Be et used trini- 
trobenzene to vulcanize insulation for copper —, without applying sulphur. 
See Japanese patent No. 31,500, (1917). Chem. Abstracts, 12, 108, (1918). 
See also E. Hemming, “Plastic and Molded Electrical Insulation, *p: 30t, 
(1923), N. Y. Further, H. P. Stevens investigated the vulcanization of 
rubber cements by means of ane in the presence of MgO, 
or the litharge product of a fatty oil. 
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Experimenters Set Right 


I would begin by pointing out that most of the writers 
who applied my methods made the fundamental mistake 
ef using too much of the vulcanizing substance. For exam- 
ple, in many instances they applied 1.3.5. trinitrobenzene 
(TNB) to the amount of 6 to 8 per cent., whereas it should 
never be used in quantities exceeding 3 per cent. (better 
even 2 per cent.) on the weight of the rubber. Further, all 
rubbers vulcanized with TNB should contain protective 
agents to prevent oxidation and aging. As such protective 
agents, a comparatively large amount of various oxides 
(PbO, ZnO, etc.) may be used, or else a certain amount: 
(about 0.3 to 1.0 per cent.) of aromatic amines, such as. 
aniline, or naphthylamines, etc. 


TNB-Cured Product Superior to Sulphur-Cured 


The object of the present article is to point out that rub- 
ber which has been vulcanized without the use of sulphur 
in the correct way is a very valuable product, particularly 
from a practical standpoint. Not only is it so good as 
rubber that has been vulcanized with sulphur, but it often 
displays more valuable physical properties as compared 
with the latter. It seems to me that every specialist who 
looks through the tables attached to this article carefully 
and from an unbiased point of view must agree that the 
“oxygen” vulcanization of rubber discovered by me is in 
all respects on a par with the classical sulphur-cured rubber 
that was discovered by Charles Goodyear in 1839. 

As to the mechanism of the vulcanization of rubber, it 
seems to me that the different observations which I have 
made in the course of many years’ work have in all respects 
corroborated the theory which I expounded in 1915 and 
which has been reviewed in many of the English and Ameri- 
can journals. In his article entitled “Ueber Aggregation und 
Desaggregation” the German scientist Harries® says: “Auf 
die Beziehung zwischen meinen Untersuchungen und denen 
Ostromyslensky’s ist merkwuerdigerweise niemand aufmerk- 
sam geworden.’”® On this question I still maintain my 
former point of view and I have no doubt whatever that 
there is not a single point in common between my observa- 
tions and my theory and those of Harries. 


Production of TNB 


In the experiments described in this article in Tables 1 
and II, we used as a vulcanizing substance almost exclusively 
symmetrical (1.3.5.) trinitrobenzene, which I shall hereafter 
designate for brevity’s sake by the letters TNB. We pro- 


SBer. Deut. Chem. Ges., p. 1,051, (1923). In this article Harries 
maintains that J consider Peay as such, to be a process of oxidizing 
rubber. Nowhere did I make this assertion. 

*In translation: “So far nobody has yet, wonderful to say, iets upon 
the connection between Dr. Ostromislensky’s and my investigations.” 
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duced this substance, in accordance with the data we found 
in the literature, by splitting off carbon dioxide from the 
corresponding trinitrobenzoic acid in an aqueous solution; 
the latter we obtained in turn by oxidizing trinitrotoluene 
(which is a very cheap product, especially in post-war times, ) 
by means of chromic acid. Among other things we succeeded 
in greatly simplifying the technical phases of this well- 
known process and were also able to obtain a higher yield of 
TNB. 

We would mention that although TNB is ignited by an 
open flame, yet it only flashes but does not explode. Of 
course, a blow with a hammer as well as pulverization of 
TNB in a mortar will not cause any explosion either. TNB 
does not detonate at the explosion of mercuric fulminate. 
It detonates only when this substance explodes in the presence 
of tetryl. It follows that TNB is not dangerous as far as 
explosibility is concerned. 


Toxicity of TNB 


As to the toxicity of TNB, it is far less toxic than aniline 
or even benzene. When carefully and properly handled, 
especially in the pulverization stage, TNB, to my knowledge, 
never once caused any case of dermatitis or of any other skin 
disease among the chemists or hands working in this line. 
But in those cases where it was handled without gloves or 
where its dust was inhaled, it has been known to bring on the 
symptoms of TNB poisoning, (local swelling of the skin, 
rashes, erythema, itching, and other symptoms, such as irri- 
tation of the mucous membrane of the eyeball.) 

These, however, quickly yielded to treatment. As a rule 
we rubbed the affected parts several times a day with a 
0.5-1.0 per cent. solution of potassium permanganate. All 
the symptoms of TNB poisoning disappeared quickly and 
completely. After we had put into practice the method of 
carefully preparing on the mill a master batch of rubber 
and TNB, and using this as the vulcanizing agent in the 
place of pure TNB, we never had any more cases of TNB 
poisoning either among the chemists or the workmen. 


Advantages of Using 1.3.5 Trinitrobenzene 


1. Vulcanizates cured with 1.3.5. trinitrobenzene (TNB) 
do not age so rapidly as those cured with sulphur. They are 
considerably more durable in use as well as when stored. 
Their homogeneity is far greater. We still have a sample of 
a TNB vulcanizate made in Moscow in 1916. This sample 
has remained unchanged for thirteen years and its constants 
appear to be like those of the fresh vulcanizate. No solid 
surface either of a brittle or tacky character has been formed. 

2. ‘TNB promotes more rapid vulcanization. 

3. Certain compounds with TNB vulcanize perfectly at 
ordinary temperature, that is, at 50° or 100°C. 

4. Vulcanization with TNB facilitates the introduction 
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into the rubber mixture of various substances, which, if 
treated with sulphur, would decompose such, for instance as 
many organic dyestuffs, leather waste, ground sawdust, 
woodflour, etc. 


5. The different compounds of rubber and TNB are 
proof against over-vulcanization. A mixture of 100 rubber, 
150 zinc oxide, 2 TNB, and 1 aniline, after vulcanization 
lasting 20 minutes at 141°C. (40 pounds), displays almost 
the same constants (tensile, set, stretch) as after vulcaniza- 
tion lasting 120 minutes at 141°C., thus showing that no 
noticeable over-vulcanization has occurred even when the 
time of cure has been six times longer. The same conditions 
prevail when using admixtures of kieselguhr, carbon black, 
etc, 

6. When vulcanizing rubber with TTNB, various new 
filling agents, such as carborundum and silicon, may be in- 
cluded in the mixing. They act as good accelerators on the 
one hand, and on the other, they often produce most interest- 
ing new physical characteristics in the vulcanizate. 

7. Vulcanizates treated with TNB frequently show better 
physical characteristics, such as: elasticity under pressure 
(measured by the height of rebound of a metal ball), tensile, 
and set, which are superior to those of sulphur-cured 
products. 


8. The surface of rubber vulcanized with TNB under 
the requisite conditions stays without any visible change, 
when stored, for a very considerable time. For example, it 
retains its gloss and color unchanged and in a uniform con- 
dition. On the contrary, the majority of rubbers vulcanized 
with sulphur begin rather speedily to liberate this sulphur 
either in the form of spots or crystals on the surface, or more 
often in the form of a fine dust or bloom which covers the 
whole article. 


9. Rubber vulcanized with TNB displays greater resis- 
tance to acids and is less apt to decompose after being in con- 
tact with metals, copper for example, for a considerable time, 
_ than is sulphur-cured rubber. 


Accelerating Vulcanization with TNB 


To accelerate vulcanization with TNB the following ma- 
terials are required: 

1. Metallic oxides and metallic sulphides (also com- 
pounds of metals with the elements of the oxygen groups 
O, S, Se, Te.). For example a mixture of 100 rubber, 150 
zinc oxide, and 2 TNB is vulcanized perfectly in 25 minutes 
at 40 pounds’ steam pressure. 

2. Elements of the carbon group (carbon black, lamp- 
black, amorphous carbon, graphite, silicon) as well as com- 
pounds of these elements with each other, for example 
carborundum (SiC). A similar action is shown by com- 
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pounds, such as red phosphorus, powdered aluminum, talcum, 
ultramarine, mineral flour, etc. 

The amorphous modifications of boron which, similar to. 
amorphous carbon, readily absorb the different gases, do not 
accelerate vulcanization with TNB. Consequently, the 
action of this material, as contrasted with that of carbon, 
bears no relation to the gas-absorbing property of the latter. 

An experiment specially conducted showed that carbon 
black, whether ordinary or saturated with air, accelerates 
vulcanization with TNB equally and to the same extent. 
From this we gather that in no instance do these accelerators 
serve as oxygen carriers. 


Mixed Accelerators 


The accelerators of the first and second groups named 
above apparently function differently from each other. A 
mixture of these accelerator groups always works more 
strongly than either of them by itself. See Table II. The total 
effect is always the sum of the separate effects. Evidently, 
the first group embraces the chemical and the second the 
physical accelerators. The action of these accelerators of 
vulcanization with TNB differs altogether from that of all 
known accelerators that have been used in vulcanization with 
sulphur. The effect, however, is alike in both cases. Certain 
compounds, for instance those containing kieselguhr or 
carbon black, carborundum, etc., while accelerating vulcan- 
ization, tend at the same time to improve the physical con- 
stants of the vulcanizate. 


Speed of Vulcanization 


Moreover, it has been found that the speed of vulcaniza- 
tion with TNB in the presence of zinc oxide depends largely 
upon the nature of the latter substance. Thus, a mixture of 
100 rubber, 2 TNB, and 150 Kadox zinc oxide is completely 
vulcanized in 20 to 25 minutes, at 40 pounds, 141°C., where- 
as the same mixture, but with ordinary zinc oxide, requires 
under the same conditions 160 minutes, for complete vulcan- 
ization. Thus, vulcanization with TNB in the presence of 
Kadox zinc oxide takes place at a speed approximately six 
times greater than vulcanization with ordinary zinc oxide. 
Our observations show that Kadox in contradistinction to 
ordinary zinc oxide readily decolorizes aqueous solutions of 
methylene blue and of many other dyestuffs. Moreover, 
Kadox is distinguished from all other zinc oxides in that it 
contains a small amount of free zinc in the form of zinc 
dust, traces of germanium, etc. 

Whether used with TNB or any other nitro compound, the 
accelerators of TNB vulcanization react on the whole in the 
same way. A mixture of, say 100 gms. of rubber, 3 gms. of 
meta-dinitrobenzene, and 150 gms. of zinc oxide will not 
vulcanize to any appreciable extent even though heated for 
two hours at 141° C. However, upon the addition of about 
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20 gms. of carbon black, the new mixture will vulcanize com- 
pletely within 20 minutes. As a rule, meta-dinitrobenzene 
vulcanizes rubber much more slowly than TNB does. 


Minimum Amount of TNB Required for 
Complete Vulcanization 


The powerful accelerators in TNB vulcanization, as well 
as the accelerators in sulphur vulcanization, allow us to 
determine the exact minimum quantity of the vulcanizing 
agent required. By using a mixture of litharge and carbon 
black, we found that the minimum amount of TNB required 
for complete vulcanization of rubber lies between 0.25 and 
0.5 per cent. For example, a mixture of 100 rubber, 0.25 
TNB, and 30 litharge, plus 100 carbon black vulcanizes com- 
pletely in 105 to 120 minutes at a pressure of 40 pounds, 
141°C., whereas a mixture of 100 rubber, 0.5 TNB, and 30 
lead oxide, plus 100 carbon black vulcanizes completely in 
30 minutes under the same conditions. The latter mixture 
produces a leathery vulcanizate of the following average 
constants: tensile, 1,590; set, 0.12; and stretch, 3.1. There- 
fore it shows that 0.5 per cent. of TNB promotes complete 
vulcanization. 

General Considerations 


1. The time required for TNB vulcanization remains the 
same in the presence of organic peroxides (0.5 to 3.0 per 
cent.), whether TNB itself or any other nitro-compound is 
used. 

2. The presence of sulphur (0.3 to 1.0 per cent.) or of 
ordinary accelerators (amine or amine plus carbon bisul- 
phide) does not affect the speed of vulcanization with TNB. 

3. Ifthe amount of sulphur is increased (2 to 8 per cent.), 
or a large quantity of aliphatic or aromatic amines be used, 
the vulcanization process with nitro compounds will be re- 
tarded and the physical constants of the vulcanizate will be 
impaired. 

4. Aromatic amines, sulphur, metallic sulphides, and 
especially antimony pentasulphide, some of the sulphur dyes, 
and tannic acid protect the TNB vulcanizates from oxidation 
and other chemical changes when stored in the open air. 
These substances should, however, be used only in certain 
and very minute quantities (0.3 to 1.0 per cent.). 


Practical Use of TNB as a Vulcanizing Agent 


The following stocks were vulcanized with TNB: stock 
for driving belts, for solid tires, a mixture of rubber and 
cement, and several leather-like vulcanizates. When tested, 
all these vulcanizates proved to be superior to those cured 
‘with sulphur. 

Therefore we come to the conclusion that: 

1. Belting vulcanized with TNB is twice as durable as 
belting made of a stock vulcanized with sulphur. 
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2. Leather-like products made of a mixture of rubber, 
TNB, and carbon black have a beautiful and glossy black 
coloring. They show no bloom and display higher tensile, 
while their set and stretch are but slight. 

3. Solid tires vulcanized with TNB retain their homo- 
geneity longer and show better resistance to wear than 
sulphur-vulcanized tires. They are also far more durable in 
use. 
Tests of hardness, abrasion, and elasticity under pressure 
were performed in the laboratories under ordinary conditions. 
When compared with tests on rubbers cured with sulphur 
under the same conditions, showing the same constants and 
with the same general appearance, the TNB-cured products 
gave results which were not only equal to but practically in 
many cases much more valuable than those of sulphur-cured 
stocks. 
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Temperature 
Coefficient of Vulcanization on a 
Litharge Compound 


J. R. Sheppard 


HE influence of temperature on vulcanization is too well known to require 
emphasis—it has been generally recognized for quite a number of years that 
the relation between temperature and time for ordinary curing ranges was 
logarithmic although there has been no unanimity as to the exact relationship, This 
doubtless is in part due to the varying experimental conditions employed by the 
investigators and possibly in some cases to less precise measurements. Table I, a 
partial bibliography, shows some values for the temperature coefficient which have 
been obtained and the conditions used. It will be seen that values ranging from 
8 to 25 have been reported for the coefficient (in terms of degrees Fahrenheit re- 
quired to double the rate of cure). 
It is the purpose of this paper to recount the writer’s determination of the 
temperature coefficient for a given litharge stock in press cures—it is not safe perhaps 
to infer from the present results what might hold under certain other conditions. 


General 


Rate of, degree of, and the temperature coefficient of vulcanization can be ex- 
pressed only in terms of some property or properties of the stock assumed to be 
proportional to vulcanization; and indeed the term vulcanization in a given case takes 
its exact significance from the property assumed as its criterion. In the present 
instance the criteria are the several properties pertaining to the stress-strain curve, 
and free sulphur. While the final results showed no significant difference in the 
temperature coefficients for the several criteria, the latter, nevertheless, have been 
treated as separate functions so as to bring out any difference in their coefficients. 

Figure 1A illustrates the kind of data sought and the treatment. In terms of the 
quantities actually measured, the temperature coefficient of vulcanization may be 
described as the relation between time (t) and temperature (T) which holds for all 
cures on a given stock resulting in a constant value of that property (P) taken 
as the criterion of vulcanization. 

This relation is a case of the three-dimensional relation between the variables 
t, T, and P which shows the values of the property obtained at all times of cure 
and temperatures. 

In outline, therefore, the procedure for determining the time-temperature relation 
characteristic of the temperature coefficient is (a) to carry out such variations of 
time and temperature, with observations on the corresponding values of the property, 
as are necessary to delineate the general time-temperature-property relation; (b) plot 
the general relation as a spacial locus; and (c) intersect the locus of the general 
relation with a constant property plane, the intersection being the locus of the tem- 
perature coefficient equation desired. In practice, in place of constructing a spacial 


graph, it is more convenient to employ the equivalent, namely a family of curves, 
as illustrated farther on. 
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In Figure 1A the curved surface A,B,B,A, is the locus of the property (P) 
as time (t) and temperature (T) are varied, (the general relation). We may pre- 
sume this surface to have been determined by drawing it through the individual 
plane curves A,B, . . . . A,B, which are all in planes parallel to the POt co- 
ordinate. plane, and we may presume that each of the latter curves has been determined 
through measurements of the property on a series of vulcanizates cured at constant 
temperature but for varying times. The curves A:B:, and so forth, are of course 
the “curing curves” of common practice, frequently involving tensile versus time. 
In the figure, the planes of the curves AiB:, AsBe are spaced along the temperature 
axis OT so as to correspond with their respective temperatures. The plane DiFGD, 
is parallel to the TOt coordinate plane and removed from it a distance OD,, corre- 
sponding to the constant value of the property which it is desired to use as a 
criterion. The intersection of this plane with the general surface is in the line 
C,C,C,A, and this line is, with respect to the axes D,D, and D,F, the time-temperature 
locus for a fixed value of the property which is sought as an expression of the tem- 
perature coefficient of vulcanization. 


It is desirable, to increase the reliability of the result, to employ several planes 
parallel to DiFGD, representing different constant values of the property, and, of 
course, in the case of a subject like rubber, where so many criteria of cure cam 
be used, it is desirable to employ at least several criteria, if for no other reason, in 
order to establish whether or not the temperature coefficient is the same for all of 
them. There is no theoretical or a priori reason for presuming it is. 


Experimental 


‘It has not been attempted in the present study to cover a variety of compounds 
or types of vulcanization. On the contrary the work has been confined to press 
cures on a single litharge stock. A quantity of stock of the composition 


Smoked _ sheet 
Sulphur 
Litharge 

Zinc oxide 
Stearic acid 


was master-batched and press cures were commenced the next day, being continued 
over a period of 4 days. The temperatures of vulcanization ranged from 242°F to 
332°F at 15-degree intervals and the times from 1% minutes to 192 minutes, 3 or 4 
different times being employed with each temperature. As in general the properties 
of a stock alter more rapidly in the early (undercure) part of a cure than in the 
later part, in the neighborhood of the optimum and in the overcure region, the 
properties during the early stages form a more sensitive criterion of state of cure 
than those in the more advanced stages. Consequently the times of cure for each 
temperature were chosen to yield in the main undercures, although as the data show 
the optimum was reached and passed in several cases. 

In view of the short times involved at the higher temperatures it was necessary 
to minimize errors by due precautions. A mold maintained at the curing temperature 
between the platens for at least half an hour was withdrawn as quickly as possible, 
the single sheet of rubber which was to be cured was inserted, the mold returned 
and the platens closed on it. The time of cure was counted in all cases as com- 
mencing with the instant both platens formed contact with the mold and terminating 
with the instant that contact of the top platen with the mold was broken on release 
of the hydraulic pressure. The period between the termination of one cure and the 
commencement of the next at the same temperature, as defined above, was 1 minute 
or less." The mold had little opportunity to cool as during only a fraction of this 
period was it entirely out of the press. 

The average gage of the cured sheets was .083”. The day following its cure, 
stress-strains were determined on each vulcanizate with the Scott machine by 
the iwo-observer method. Free sulphurs were also determined by the bromine 
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method’. These were done at somewhat irregular time intervals after vulcanization, 
within a period of about two months. 

When planning the cures, it was assumed, in accordance with a quite generally 
accepted rule, that a rise of 15° F would entail a doubling of the rate of cure and 
this was the reason for making 15° the interval between consecutive temperatures. 
The choice of temperature and of time intervals in no way influences the relation- 
ship ultimately found, but is solely a matter of experimental convenience and more 
particularly of insuring that the zone of the time-temperature-property surface which 
will be delineated will be broad enough to include all or a goodly part of the inter- 
section with the constant property plane. 


Results 


All results, namely stress-strain data and free sulphurs, are found in Table 2, 
which we need not comment on otherwise than to remark that it exhibits the well- 
known variations of properties with time of cure. 

In Figure 1 all the physical data of Table 2 are graphed. Properties are plotted 
vertically and time horizontally, the latter to a logarithmic scale, well adapted to 
the purpose, as it enables both long and short cures to appear in the one graph, 
without crowding of the latter or undue spreading of the former. The data for a 
given property are plotted as a family of property-time curves with temperature as 
variable parameter, and as such can be made to function in the same way as the 
spacial locus of Figure 1A. The temperatures are noted near the bottom of the 
graph, associated with their respective groups of curves. In a number of cases ex- 
trapolations have been made, these being distinguished by broken lines. 

The properties shown in Figure 1 as criteria of state of cure are: Breaking 
tensile (Marked “T”); Tensile at 600% elongation (“Ty”); Tensile at 500% 
elongation (“Tyo”); Tensile at 300% elongation (“T;,”’); Elongation at break; 
Energy; Tensile Product. Of these properties the greatest reliance is placed on the 
tensiles at given elongations because of (a) their sensitiveness to cure, and (b) the 
relatively high accuracy with which they can be determined. 


Although Figure 1 is intended to serve only as the basis for building up Table 
3, several characteristics are observable even on cursory examination and these may 
be noted. (a) Any two adjacent curves for a given property have about the same 
distance between them, measured along a given horizontal line (provided that, in the 
case of properties which reach a maximum, the measurement is not made too near 
the latter). (b) The several curves of a family are roughly of the same shape and 
orientation, so that the horizontal interval between adjacent curves is roughly the 
same irrespective of the level at which it is measured [with the same proviso as in 
(a)]. (c) The horizontal intervals between curves in one family and those in 
another are about equal. We need not comment here on the significance of these 
observations as this will be brought out in the more exact treatment of the data in 


the sequel. 

In Figure 2 the free sulphurs are plotted similarly. Each line represents the 
free sulphur as the time of cure is varied; the temperature varies from line to line. 
The same characieristics regarding the spacing, shape, and orientation of the sulphur 
curves as noted above for the physical data are observable, although there is some- 
what more experimental irregularity. For this reason, and because free rather 
than combined sulphurs are involved, less weight is, perhaps, to be attached in the 
present work to the chemical than to the physical results; notwithstanding which 
the former have yielded practically the same coefficient as the latter. 

Figures 1 and 2 facilitate the derivation of the corresponding time-temperature 
values for constant properties. Table 3 shows the times and temperatures cor- 
responding to from 2 to 4 fixed values of each property as read from Figures 1 and 2. 
Times derived from extrapolated parts of curves are shown in parenthesis in Table 3. 

1“Standard Methods for the Analysis of Rubber Goods—Recommended by the Committee 


2 ’ ng hE Analysis of the Division of Rubber Chemistry of the A. C. S.” Ind. Eng. Chem., 
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Also in the case of tensile product and of energy the times for the various tem- 
peratures when the property reaches a maximum are shown. 

In Figures 3 to 10, employing logarithmic time scales, the data of Table 3 are 
graphed, each figure displaying the time-temperature relationships for the several con- 
stant values of a given property. Points obtained by extrapolation in Figure 1 or 
2 are denoted by a hollow circle. 


Huthor and Conditions of Determination 


A. 0, Bourn” in 1905 on the formia F. Para 100, Sulphur 3, litharge 50, whiting 50, claims, in a 
short note lacking details, to have obtained "perfect" vulcanisations in 211 days 
at 105°F and in 1 second at 600°F, The method whereby the short cure was controlled 
is not indicated. He did not publish a temperature coefficient, but when such is 
calculated as a gean value for the above extremely wide temperature range We have... 


Spence & Young in 1912 on rubber with 10% sulphur for the interval 135°C (275°F) to 155°C 
311°F), using combined sulphur as criterion give . wescesee 


a. 0. Bourn! - pe on the same formila as above subjected to dry heat cures found, for the in- 
erval 194°F to 282°F, on the basis of (unspecified) physical properties e 

= cures Were continued up to 40°F, bat at about 282°F the data indicate the 
commencement of a change in the coefficient such that a given temperature ircrement 
effects decreasing acceleration of the cure as the temperature rises, The extent 
of this lessening infil of t e@ increase may be judged by citing the last 
interval vis. from 375°F to 400°F which shows 
The 400°F cure is recorded as of 3 seconds duration, 


A. van Rossem? in 1 8, ust 
terval te 2 to 15580 


ae criterion, found for the rather restricted in- 


fvies & Brasier® in 1920 on the compound P, Crepe 90, Sulphur 10, for the interval 128°C (262°F) 

“to 168°C (334°F) found using combined sulphur as criterion; 

using extensibility at given elongation as criterion; . 

using time to reach maximum tensile as chiterion:... 
Although they state that the coefficient a no tendency to any regular. in- 
crease or decrease with rise of tem f indicates that “on account 
of the i ently rapid p of pot AB thet at 168°C and its slowness at 
128°, the measurements at 136°C to 158°C are possibly to be preferred". The mean 
value obtained for thie more limited interval on the basis of all three — was.. 
On the same formila as above with the addition of varying amounts of aldehyde 
monia ranging up to 1%, for the interval 108°C (226°F) to 148°C (296°F), on the ote 
of all three —— the coefficient obtained was substantially as ror 
the rubbder-eulphur mix, namely . 
However, for the 98°C to 108°C given teuperature 
increment had markedly more effect namely .......... 


in this paper, the lith stock d a within, for the interval 
2h2°R to 332°R, presse cures, and using as criteria various physical 
Properties depending on the strese-strain and aleo free sulpiurs finds 


It is idered that no signifi ¢ variation of coefficient is shown with- 
in thie temperature range, and that no significant difference as between 
‘a individual criteria exists. 


Tootnotes to Preceding Table 
Colum headed I gives number of degrees Fehrenheit required to double the rate of cure; colum headed II gives 
the factor by which the rate is mlbtiplied when the temperature is raised 10° Centigrade. The figure under- 
lined was calculated by original author. % 1B Je, 45, 120 (1913) 
1. Be We, 33, 93 (1905) 5. Com, of Neth. Govt. Inst. for Adv Rubber VI, 179-222. 


Chem, Ind. Kolloiée, 11, 28 (1912) be Je 8. Ce 39, 1857 (1920). 


Table 1. Partial Bibliography Showing Values for Some Temperature Coefficients Obtained and 
Conditions of Determination, 


Figure 3 graphs the time against the temperature which results in the tensile 
at 300 per cent. elongation assuming the values 300 and 400 respectively. Two 
facts concerning the lines are pronounced: first that they are straight, corresponding 
with a logarithmic relationship; and second that they are nearly parallel. We 
may note in passing that, granting straightness, the parallelism is a mathematical 
necessity, since otherwise at their intersection we should have the absurdity of 
the same cure in time and temperature giving rise in the one stock to two 
different values for a given property. It follows that any lack of absolute parallel- 
ism found between the constant property lines of any one of these graphs is due 
to experimental error and is of no significance. 
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Figure 4 shows time versus temperature for constant values of tensile at 500 
per cent. elongation, namely 500, 1,000, and 1,500; and Figure 5 similarly applies 
to tensile at 600 per cent. elongation fixed at 1,000, 1,500, 2,000, and 2,500. In these 
2 graphs, as in Figure 3, we find quite good conformity of the determined points 
to the lines drawn through them, almost the only points seriously off the lines 
being certain of those got by extrapolation. 

Figure 6 employs tensile at break and Figure 7 elongation at break as param- 
eters. These, as also Figure 8 for tensile product and Figure 9 for energy, 
show, as might be expected due to the breaking-point error, a less perfect agree- 
ment between points and lines than the graphs for tensiles at given elongations. 
Nevertheless in no case is there any doubt as to the comparatively accurate place- 
ment of the line, nor is there in any case reason to believe that such deviations 
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Table 2. Physical Properties and Free Sulphurs After Vulcanization for Various 
Times and at Various Temperatures. 


as occur are of significance; there is nothing to warrant deviating from the straight 
in drawing the lines. In Figure 8 the maximum tensile product line takes on a 
general alignment parallel to that of the constant value loci. The same is true of 
the maximum energy line in Figure 9. 


In Figure 10 the time-temperature relations for constant free sulphurs are 
shown. The data here show more experimental divergence than in most of the 
physical results. Nevertheless the general trend is clear and capable of fairly 
exact, definition. 

It only remains to deduce the coefficients from the time-temperature iso-prop- 
erty lines of Figures 3 to 10. The coefficient following from a given line depends 
only on its slope. In Table 4, the coefficients are summarized, the third column 
giving the figure deduced from each individual line. Such lack of identity as may 
be found among the coefficients for the several constant values of a given property 
implies an equal lack of parallelism among the iso-property lines and, therefore, 
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as explained previously, denotes experimental error. The proper treatment of 
these data, therefore, is to average the several coefficients for a given property: 
This is done in the last 3 columns of the table, the mean values themselves being 
found in the sixth column. The fourth column shows the number of points of 
determined data through which the iso-property line in question is drawn. As a 
7-point line has more probability of accuracy than a 3-point line, the former should 
have more influence in deciding the mean. The product (in column 5) of the 
individual coefficient and the number of points by which it was determined has 
been taken as the weight to grant to a giwen individual coefficient and the total 
of these weights divided by the total number of points yields the mean as found 
in column 6. 


Time of Cure When oad 
Tensile at 300% 

Blongation Equale 


Time of Cure When 500 | -- (1.8) (5-5) (11.0) 25.0 | 59.0 | 130.0 


Tensile at 500% 1000 [2.43 035 7. 17.5 (42.0) | 91.0 | (215.0) 
Blongation Equale 1500 [2.2 9.8 (21.5) ---- 
Time of Cure When 1000 } -- 2.05 | (5.5) (1.5 5 63.0 | 145.0 
Tensile at 600% 1500 | — 2.95 6.7 15. 6-3 83.0 | 194.0 
Elongation Equals 2000 8.0 18. ( 


Time of Cure When 
Tensile Equale 


Time of Cure When 
Blongation Equals 


Time of Cure When 
T. P. Equals be 1.75 10.0 18.0 40.0 | ---- 


Waximam Value of T.P. 


Time of Cure When 
Energy Equals 


Maximum Value of Ey. 


‘Time of Cure When 
Free Sulvhur Equals 


Table 3. Showing Times of Cure and Temperatures Corresponding to Fixed Values 
of the Several Properties. Data obtained from the intersections of horizontal 
(Constant Property) lines with the Property-Time Curves. Values in parentheses 
are from extrapolated intersections, 


Observing the mean coefficients for the several criteria of vulcanization we 
find they range from 12.6 for tensile at 300 per cent. and tensile at 600 per cent. 
to 13.7 for tensile product, with a grand average for all criteria as listed in the 
table of 13.1. The mean coefficients do not disagree with the grand average suf- 
ficiently to warrant a belief that the divergence has significance. The extreme 
deviation, holding for tensile product, is 4.6 per cent. We should conclude that, 
within the limits of experimental error, all properties used have yielded the same 
temperature coefficient of vulcanization. There is no inference that the same con-. 
clusion applies to other conditions than here investigated, such as to other com- 
Positions or types of cure, or to more extreme temperatures. 


However, as a matter of fact it is highly improbable that other compositions 
or higher temperatures would produce the samme results. 


7.20 | 17.5 (210.0) 
8.95 20.5 — 
59-5 | 182.0 
PF 2500 6.95 14.6 38.7 82.0 | (235.0) 
3000 8.8 ---- ---- | (104.0) | ---- 
150 | ---- eave 0 72.0 | 124.0 
700 3.00 17.0 39.0 83.0 | 160.0 
650 (5-1) 20.0 ---- 
(5.9 11.7 +0 8.0 | 178.9 
6.9 14,8 40.0 8.0 
500’ 41.5 9.7 ---- ---- 
Max. }2.0 (22.0) | (43.0)] ---- |--— 
2.50 (1.36) 32.4 197 
1.75 | 2.08 
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The experimental results of this paper are fully expressed by the following 
equation : 


or log t: — log te = log Iz — log Ir = .0230 (T: — T:), where ti, I,, T,, and 


egre: A 
Property: Two Preceding or 


Time of Cure. 


Tensile 


at 300% 


Tensile 
at 500% 
Elongation 


Elongation 


w 


~ 


13.0 


Average of above 13.1 


Table 4. Showing the Temperature Increment Which Halves or Doubles the Time 
of Cure, Corresponding to Each Constant Property Line in the Time—Temperature 
Graphs, with the Average Increment for Each Property. 


ts, Ix, Te are respectively a first and a second set of values of time of cure, intensity 
of curing action, and temperature in degrees Fahrenheit. 

More frequently perhaps the temperature coefficient of a reaction is expressed 
as the factor by which the rate is multiplied when the temperature is raised 10°C. 
So expressed, the temperature coefficient of vulcanization herein determined becomes 
2.59, this number corresponding with the 13.1°F required to double the rate or 
intensity. 
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The original paper ended at this point, but in view of its importance the author 
has appended the following remarks on the extension of the method discussed. 


Suggested Applications of the Method 


It may not be amiss to point out how the present method can be applied to 
the more general study of vulcanization and of accelerators. While with litharge 
the temperature coefficient appears, within ordinary curing ranges, to be repre- 
sentable by a constant, doubtless there are cases where, on the contrary, a variable 
depending on temperature is involved. In any event, whether constant or variable, 
the coefficient, when graphed as a time-temperature locus, expresses the vulcan- 
izing propensity of a stock under changes of temperature. 

Figure 11 represents some hypothetical cases which illustrate how curing 
properties are reflected in the coefficient lines. A is a stock with a constant 


419. Soma types of 
Tempereture coethicheat 


TENPEAATURE 
240 260 260 300 320 


Fig, 11, 


temperature coefficient, here made equal to 13°F. B is another stock which, 
although its temperature coefficient is identical with that for A, at all tempera- 
tures, takes twice as long to cure as A. On the other hand C cures equally with 
A at 290° but at 240° it is seen to cure in half the time for A. Therefore, as 
compared with A, C is specially quick curing at low temperatures; or A is relatively 
fast curing at high temperatures compared with C. If A, B, and C owe their 
different curing characteristics to their being compounded with different accelerators, 
it is obvious that, relatively, accelerator A is more powerful or active than accelera- 
tor B; on the other hand C cannot be described as more active than A—it is more 
correct to describe C as being (compared with A) a “low temperature” accelerator. 
The delineation of curing properties as a function of temperature in this way 
distinguishes neatly, therefore, between “low temperature” accelerators and rapid 
or powerful ones. 

A low temperature accelerator may possess its special characteristics because 
of its stability below and instability above some (critical) temperature. If the 
loss of curing agent be abruptly dependent on temperature, rather than a gradual 
function thereof, then in the neighborhood of the temperature above which the 
loss occurs we should expect a sudden break or discontinuity in the coefficient 
line. This is illustrated by D where a sudden change occurs at about 260°; so 
that while below this temperature we have a stock curing in half the time for A, 
above we have an approach to the curing activity of A. A sudden change in the 
direction of the coefficient line is evidence of a change at the temperature in 
question in the character of the curing agents or in the mechanism of vulcanization. 
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It is suggested that a more extended study of temperature coefficients might 
throw light on such problems as: the more exact evaluation of the fitness of an 
accelerator for low or high temperature cures; the comparative effects of various 
types of cure such as mold, dry heat, live steam, and so forth; instability and 
volatility of accelerators or their products; the coupling of accelerators to avoid 
scorching, as in the use of litharge to prevent scorching with thiuram disulphides ; 
comparisons of different activators with a given accelerator; adsorption of accelera- 
tors by reenforcing agents; and other of the numerous problems having to do with 
vulcanization as related to temperature, type of cure, and composition of stock. 
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The Value of Reclaimed 
Rubber in Tread Stock 


C. W. Sanderson 


OGT? has published work showing that reclaim hydro- 
carbon has a value, judged by laboratory abrasion 
resistance in tread stock, varying from zero when used 

in small quantities up to a maximum of 50 per cent. 
of the value of new rubber when compounded in 
large percentages. This work was followed up by Gagnon,? 


who worked with stocks in a range between the base stock 
and Vogt’s first reclaim compound, and he showed a high 
negative value for small amounts of reclaim. He also 
showed that the effects of adding reclaim depended on the 
base stock. If the abrasion of the base stock has already 
been lessened by diluents, the substitution of reclaim has 
relatively less effect than substitution of reclaim in a high 
grade stock. 

In the work mentioned so far due allowance had been 
made for the mineral ingredients of the reclaim and all com- 
parative compounds were on an equal ultimate composition 
basis. Gagnon in further work used a different method 
when he took a non-reclaim tread and a high reclaim tread 
and blended them in definite proportions to get intermediate 
stocks. He concluded that judged by abrasion resistance the 
value of the reclaim hydrocarbon is negative, becoming posi- 
tive at about 40 per cent. reclaim hydrocarbon and having a 
value of 50 per cent. of new rubber in an all reclaim stock. 

In none of this work was there any opportunity to check 
the compounds in service. The present work, therefore, was 
undertaken with this object particularly in mind. Advantage 
was also taken of the opportunity to compare physical prop- 
erties, in addition to abrasion resistance, with service and 
thus make a study of the value of these properties in evaluat- 
ing compounds for road wear. 


1J, Ind. Eng. Chem., Vol. 20, p. 140, Feb., 1928. 
2 Unpublished work, The Goodyear Tire & Rubber Co. 
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Experimental Reclaim Used 


The reclaim used was a typical high-grade whole-tire 
alkali-process reclaim. Its composition was as follows: 


When cured with 5 per cent. sulphur for 18 min. at 40 lbs. 
(141.5° C.), it gave a tensile of 55 kg. per sq. cm. and an 
elongation of 430 per cent. The hydrocarbon content of the 
reclaim was figured at 55 per cent. 


Method of Compounding 


In this work we took a high grade tread and an all re- 
claim stock and obtained three intermediate stocks by blend- 
ing. The all reclaim stock was compounded to give maxi- 
mum abrasion resistance consistent with ability to handle in 
the factory. 


TABLE 1 
1 2 3 + 5 
100 75 50 25 0 
Whole tire reclaim ........ 0 45.5 91 136.50 182 
ee 43 39.55 36.10 32.65 29.20 
6 4.5 3.0 1.5 0 
SE” ee 3 2.8 2.59 2.39 2.18 
3 3.23 3.46 3.69 3.92 
1 0.87 0.73 0.59 0.45 
162.2 175.95 189.88 203.82 217.75 
1.12 1.15 1.18 1.20 1.23 


Since these are all on the basis of 100 rubber (figuring the 
reclaim 55 per cent. reclaim hydrocarbon), the proportions 
are obvious. The carbon black is lowest in the all reclaim 
stock but if we figure in the black of the reclaim the loading 
goes up with the series. 

There are two rather obvious criticisms of this series. The 
first is that more stocks might have been taken particularly 
between zero and 25 per cent. reclaim hydrocarbon. The 
second is that in this method we have not allowed for the 
activating effect of the reclaim. The middle stocks, par- 
ticularly No. 2 and No. 3, are relatively faster curing. It 
was felt that it was better to do this and let the cure vary 
rather than adjust the accelerator. The physical tests were 
all done over a range of cure, and it was not considered 
necessary for the road test as other work had shown that road 
wear (at least within reasonable age limits) is not sensitive 
to cure variations. 

The procedure followed was to put up a quantity of 
No. 1 and No. 5; then No. 2, No. 3, and No. 4 were made 
up of blends of these two in the proper proportions. The 
black was used as a 60-40 master batch with the rubber and 
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as a 75-25 master batch with the reclaim. The latter was 
refined before using. 


Road Tests 


TaxicaB. The stocks were run as two-way treads on 
30 by 5. The comparisons were No. 1 vs. No. 2, No. 2 vs. 
No. 3, No. 3 vs. No. 4, No. 4 vs. No. 5, No. 1 vs. No. 3, and 
No. 1 vs. No. 5. There were sixteen tires in each lot. 
The test was run on taxicahs in Philadelphia and covered 
a period from August 1 to November. ‘The tires were ap- 
plied to front or rear as needed, but the tests represent 
mostly rear mileage. The wear was obtained by button 
height and over all thickness measurements. 

Test Cars. The same comparisons with two tires in 
each set were made on 4.50/21 and run on a Dodge test car, 
rears only. The tires were rotated every 700 miles. The 
tires were measured when the faster wearing half showed 
approximately two-thirds of the button height loss. This 
test was run the last week in August. 


Physical Tests 


All physical tests were made on factory mixed stock. The 
sample was taken from the tubing machine at the time of 
running the treads for the test tires. Standard procedures 
for physical testing were used except as herein noted. 

ABRASION. For convenience we have referred to Vogt’s 
paper in designating the abrasion methods. 

Method A—Regular Goodyear machine, 16° angle. 

Method C—30 per cent slip. 

Method D—20° angle. 

Method E—Grasselli abrader. 

WHEEL ABRASION. For this test a 30 by 5, one-way 
tread was run on a dynamometer with the wheel covered 
with sandpaper and under the following conditions: Load 
750 lbs., inflation 30 1b./sq. in., speed 25 m.p.h., traction 
375 lbs. 

Tear Tests. This was not intended to be an exhaustive 
comparison of tear methods but several are included as this 
work did offer an opportunity to compare results on an 
evaluated series of stocks. There is no attempt to make out 
a case for any particular method. We do feel, however, that 
it is practically impossible to get values from any method 
which attempts to take into account the knots of carbon- 
black stock. The knotting is undoubtedly an important 
characteristic of the stock but the actual values obtained 
when they develop are meaningless. 

Grain TEAR. This method is an attempt to get a numeri- 
cal value for the hand-tear test. The test piece, 2 mm. 
thick, is cut and torn in the test machine and values are 
read from those places where the stock tears with the grain 
and does not knot. 

LAMINATION. The test piece, 4 mm. thick, is cut to tear 
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with the laminations, i.e., in a plane parallel to the mold 
surface. The pull required to tear a specimen 1 cm. wide is 
recorded. 

SHEAR. This test was made in a special apparatus 
in which a 2 mm. sheet is held and a plunger pushed 
through it. The apparatus is designed so that a minimum 
of flow and distortion takes place. The plunger cuts 
through the sheet with a shearing action and the force re- 
quired is measured. 

REBOUND OR MECHANICAL EFFICIENCY. This test is 
made by the pendulum method. 

Faticue. A strip of rubber 1 cm. wide was suspended 
from an upper jaw, while from a lower jaw was hung a 


AELNTIVE | VALUE 


LATIVE | VALVE 


weight sufficient to cause an elongation of 250 per cent. 
The upper jaw moved through a three-inch stroke 350 times 
per minute and the test consisted of subjecting the specimen 
to this action for five minutes. The stress-strain curve of 
the stock was taken after the test and compared to a similar 
curve for an original specimen. 


Results of Road Tests 


The results of the road tests are shown as relative values 
on Chart 1. The test-car test gave exceptionally good 
checks from tire to tire and in the cross comparisons. The 
agreement between the test-car run and the taxicab test is 
closer than we anticipated. 


|| 
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Tensile Properties 


The tensile properties at best cure are shown in Table 2. 


TABLE 2 


Time of Load at 
Stock Best Cure 7° ‘Tens. Energy 
No. at258°C. Tens. Elong. 300% 500% Prod. S.I.* Kg.cm./cm.® 
1 - 70 300 690 62 166 207 104 670 
2 50 250 590 94 194 147 100 612 
3 50 184 550 82 166 100 84 440 
a 60 122 490 68 (124) 60 56 257 
5 76 380 29 aa ttt 


. = Stiffness Index = Difference in load between 500% and 300%. 


The relative values for tensile and tensile products are 
shown on Chart 2. On each chart we have shown for com- 
parison the test-car treadwear curve. ‘The tensile follows 
the road curve fairly well while the tensile product does not © 
show so good a comparison. 

Energy of resilience and stiffness index, both of which are 
used as criteria for the evaluation of tread stocks, are shown 
on Chart 3. Neither correspond to the road values so closely 
as does the tensile. 


Tear 


The relative values for tear are given on Chart 4. The 
lamination tear results give a fairly close indication of the 
road wear. 


Abrasion 


The abrasion-machine results on Chart 5 show that the 
best indication is given by C, the 30 per cent. slip method, 
and by D, 20° angle method. The Goodyear machine, A, and 
the Grasselli abrader are quite close together. 

Mechanical efficiency, hardness, and shear are shown on 
Chart 6. The mechanical efficiency stays up better than any 
other mechanical property. It is practically constant from 
25 per cent. reclaim hydrocarbon on as is likewise the hard- 
ness. The shear coincides with road value down to 50 per 
cent. and then falls off more rapidly. 


Fatigue 


The conditions chosen for this test were so severe that 
only the No. 1 and No. 2 stocks stood the test without break- 
ing. Curves are shown for the best cures on Chart 7. It 
will be noted that the apparent stiffness of the No. 2 disap- 
pears on this test. The energy at 250 per cent. elongation may 
or may not be significant but the following figures are of 


interest. 
Stock No. 1 Stock No. 2 
Kg. cm./cm.® Kg. cm./cm.3 
Energy before fatigue.................. 44 68 
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Discussion of Results 


In interpreting these results, we must keep in mind that 
they are based on one type of compounding variation. Be- 
cause a certain property follows the road curve quite closely, 
it does not follow that this property would give the same 
indication of service on another type of compounding. Sweep- 
ing generalizations cannot be drawn and we emphasize this 
point in order that unjustified conclusions may not be drawn. 
In looking over the charts we see that tensile and lamination 
tear are the two most indicative tests. 

Of the abrasion tests the 30 per cent. slip and the 20° 
angle methods seem best. The Grasselli and the Good- 
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year machines do, however, give results parallel after the - 
25 per cent. point so that comparison between two stocks in 
or range would give relative values corresponding to the 
road. 

The shear test follows exactly down to 50 per cent. re- 
claim hydrocarbon and then falls below the road abrasion 
curve. By referring back to Chart 2 it will be seen that 
the shear is very close to the tensile. That seems to be the 
general indication with this test. This may either mean 
that shear and tensile really go together or it may be that 
this only follows because of the way in which we conduct 
the test. At any rate this is of interest in connection with 
the speculations on the role of cutting and tearing on 
abrasion. 


4008048 
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Unfortunately our fatigue test as applied was of little 
use. It does show, however, that the stress-strain properties 
change very decidedly after the rubber is subjected to work- 
ing action. From the fact that stock No. 1 will stand the 
action of the test for days, while stocks Nos. 3, 4, and 5 
will stand it only a few seconds, we see that we have here 
one property on which the reclaim has a very marked effect. 
The relatively good showing of the reclaim stocks on the 
mechanical efficiency test is subject to a good deal of question 
in view of the fatigue test. 

We find very little in these results to encourage efforts to 
evolve evaluation formulae. In the first place tensile and 
tear by themselves seem to be closely indicative and in the 
second place the fatigue test gives us reason to believe that 
the properties of the unstressed stock are of fictitious value. 
Coming down to the question of evaluating the reclaim 
hydrocarbon, we see from the road abrasion curve that it 
has a positive value at all points. 

Using the method as given by Vogt where: 

=value of abrasion resistance of new rubber hydro- 
carbon, and let it be assigned a value of 100 units. 

B=value of reclaim hydrocarbon in the same units. 

C=experimentally determined values for abrasion re- 
sistance. 

Y=amount of new rubber hydrocarbon as a decimal frac- 
tion and 1.00—-Y—amount of reclaim hydrocarbon as a 
decimal fraction. 

Then AY+B(1.00—Y)=C on the assumption that the 
qualities of the two types of hydrocarbons are additive. 


Solving 


1.00—Y 
Using this on the road values we have: 


Be 


TABLE 3 


Value of Reclaim Hydrocarbon 


New Rubber Reclaim B 
Hydrocarbon Hydrocarbon Values from 
er Cent. er Cent. Road Test 


B is not worked out for the laboratory determined prop- 
erties because the relation is perfectly clear from the charts. 
The real evaluation of the reclaim should be on a cost 
basis. We have done this in the following table and have 
shown the relative cost per unit of abrasion on Chart 8. 
In order to show the wear on an equivalent cost basis we 
have shown the relative cost per unit of abrasion. Taking 
No. 1 stock as the standard, we have obtained the cost of an 
amount of stock to give the same wear and then shown this 


100 0 
75 25 32 
50 50 25 
25 75 34 
0 100 42 
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TABLE 4 


Cost per Unit of Abrasion 


20-Cent Rubber 40-Cent Rubber 
7-Cent Reclaim 8-Cent Reclaim 
Per Unit 
Compound Cent. Road Lb. Vol. Abr. 
No. Reclaim Value Sp. Gr. Cost Cost (Rel) 


1.12 .1497 . 
1.148 .1241 . (104 

1.175 .1022 . (113) 
1.20 .0835 . (117) 
1.23 .0671 . (115) 


as a relative figure in the column headed “Unit Abr. (Rel).” 
The cost per unit of abrasion is obtained by dividing the 
volume cost by the relative abrasion value. 

On this basis at 20-cent rubber the reclaim is uneconomic 
at all points. It rises to a relative value of 115 at 50 per 
cent. and then stays constant. At 40-cent rubber the rela- 
tive value stays about constant until 50 per cent. when 
it drops and at all reclaim it gives about 25 per cent. more 
for the money. In the above consideration we have 
neglected that fact that abrasion value is not the only factor 
to be considered. In many cases a certain volume or body 
is required and the use of reclaim compounds is justified. 


Summary 


The road abrasion value has been determined on a series 
of tread stocks containing from 0 to 100 per cent. reclaim 
hydrocarbon. There is a close check between the road value 
as determined on two different types of road tests. The 
value of reclaim in this test is shown to vary from,25 to 
42 per cent. of the value of new rubber, being higher for 
the all reclaim siock. The relative cost per unit of abra- 
sion is shown to be above rubber at all points for 20-cent 
rubber. For 40-cent rubber it is lower than rubber when 
used above 50 per cent. reclaim hydrocarbon. The relative 
values for laboratory tests are compared to the road value. 
The tensible, lamination tear, and the 30 per cent. slip 
abrasion seem to give the best indication of road value. 
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Tr. 
1) 
1 0 100 2757.31 
2 25 82.5 25 
3 50 62 1651 .193 (100 
4 75 51 1213 .145 
5 1uv 43.5 .102 
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A New Flexing Machine 
for Rubber 


Philip M. Torrance and Lester C. Peterson 


READ cracking is one of the most annoying problems 

occupying the attention of rubber chemists at the 

present time. While there is no doubt that tread design 
and the construction of the tire as a whole have great influ- 
ence in producing this phenomenon, the nature of the tread 
compound itself is a very important factor. A real need has 
been felt in the industry for a laboratory flexing machine 
which would rapidly and inexpensively give results com- 
parable to those obtained in road tests in order to study the 
effect that variations in compounding have upon this type 
of failure. 

The authors have developed a simple machine which it was 
felt might be of interest in this connection. Illustrations 1 
and 2 are front and side-view photographs of this machine. 
It consists of a rotor disk one inch thick keyed to the shaft 
' of a % h.p. induction motor and radially slotted about its 
periphery to take twelve samples. Around this is a steel 
ring placed off center in relation to the rotor. The test 
samples are mold-cured slabs of rubber 1 inch wide, 1% 
inches long, and 3/16-inch thick, having two semi-circular 
grooves molded across their width. When placed in a slot 
of the rotor, a test piece is held in place by a tightly-fitting 
cylindrical steel pin which fits in one of the semi-circular 
grooves in the test piece and in a similar groove cut in the 
wall of the slot. 

Illustration 3 is a photograph of the machine with twelve 
samples in place ready to run. It will be noticed that as 
the rotor turns, the test pieces are flexed through a 90° angle 
as they pass that point on the ring closest to the rotor and 
are straightened out again at the opposite side of the ring, 
not only by their own elasticity but also by centrifugal force. 
The second groove in the test piece is located on the inside 
of the bend and serves to localize the flexing action. Since 
the motor operates at a speed of approximately 1,725 r.p.m., 
considerable friction would be developed were it not for the 
fact that the samples are lubricated with glycerine, which is 
fed into the machine through a small hole in the flexing 
ring by a wick-feed lubricator noticeable to the right of the 


525 


« 526 
tre 
7 
j 
| 


527 


ring in the illustrations. The glycerine is kept from flowing 
out of the ring by retaining rings somewhat smaller in in- 
ternal diameter located on either side of it. 

Illustration 4 is a photograph of some test pieces. There 
are two views of an unflexed sample together with a locking 
pin as well as four bent pieces that have been flexed for 24 
hours or approximately 2,484,000 times.. The two that are 
cracked nearly through are duplicates of a stock accelerated) 
with an aldehyde-amine type accelerator and containing no 
antioxidant. This stock was repeatedly shown to crack badly 
when run on a test car. The two uncracked samples, run 
on the machines at the same time as the others, are duplicates 
of the same compound after 114 per cent. of antioxidant 
has been added. It will be noticed that cracking has barely 
started, there being several pin-holes in the surface of each. 
This stock when run on a car showed no signs of cracking. 

In general, the results of this machine check qualitatively 
with the road tests run to date. The results obtained so far 
indicate that certain antioxidants are of value in checking 
tread cracking and others are valueless. Modulus and 
methods of processing apparently exert an influence on this 
phenomenon. 

Particular care must be taken when using mill-sheeted 
stock for test pieces, for it has been found that “cold checks” 
and pronounced grain effects cause premature cracking, a 
phenomenon probably related to the premature cracking at 
the junction of the tread and sidewall of a tire. 

By means of a thermometer inserted in a mercury well in 
the top of the flexing ring, shown in illustration 3, consider- 
able variations in operating temperature were observed. Be- 
cause of this it has been decided to mount the machine in a 
constant-temperature water bath before further work is done. 

It is expected that the following advantages will result 
from this modification: that the machine will be able to run 
under identical conditions; that there will be an opportunity 
to study the effect of different temperatures through a wide 
range; and that lubricating samples will be simplified. 

The authors wish to express their appreciation to the India 
Tire & Rubter Co. for permission to publish this paper, and 
to Olin C. Work for suggesting the simple holding device 
for the samples. 


[Reprinted from INDIA RuBBeR Wortp, Vol. 80, 
No. 5, pages 53-54, August 1, 1929] 


Electric Motor Drives 


for 


Rubber Machinery 


R. D. Crawford 


tric motors experimentally to drive calenders. Since 

that time there has been a steady addition of motor 
drives and a marked increase in all the equipment re- 
quired to meet the additional electric power demand. In 
1910-11 certain gear driven calenders were changed over 
to motor drive. The gear drives on calenders made avail- 
able only two speeds by means of gear changes. The max- 
imum yardage rate was 18 or 19 yards per minute and the 
minimum, about half that speed with no possibility of an 
intermediate speed. It is now possible to make almost any 
adjustment desired, while speeds have been increased greatly, 
even up to 50 yards or more per minute. 

With respect to a calender, heating naturally increases as 
the friction ratio increases. ‘Thus the stock becomes hotter 
at higher rates of production necessitating installation of 
better cooling facilities. For example, changing the fric- 
tion ratio of a certain calender from 1% to 1 to 2 to 1, de- 
livery of the same yardage rate was impossible until the 
calender piping of increased size was rearranged to permit 
the circulation of an increased volume of water. This in- 
crease of friction ratio demanded more power from the motor. 
It has been found a good rule of thumb that the propor- 
tionate increase of power is about equal to tle sum of the 
peripheral speed of the rolls either of calenders or mills. 

The electric drive has been the means to study the 
peculiarities of the power demands for individual rubber 
manufacturing processes and to estimate the mechanical 
strains in machines, thus enabling the designer to make 
proper allowances for the factor of safety in gears and 
other parts. The portable graphic wattmeter is very useful 
for securing data to use in designing a drive to meet 
specific conditions of power and strength. 

As early as 1909 or 1910 the size of motor to drive a line 
of 84-inch mixing mills was fairly well established but not 
so with respect to crackers, sheeters, single warming mills, 
etc. With respect to this group the power problem was 
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, NHE B. F. Goodrich Co. began in 1898 to use elec- 
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solved by making ample allowance in the power-supply cir- 
cuits and in the pull-out torque of the motor. 

Synchronous motors were applied for rubber work in 
1919. The advantage of this type of motor was considered 
to be power-factor correction and somewhat higher pull-out 
torque obtainable when occasion required. The same 
problem of safety was present with synchronous as with 
induction motor applications, that is, the magnetic clutch 
had to be retained because of the very low starting 
torque of the synchronous motor that was first offered 
as rubber mill drives. Improved synchronous motors 
are practically all that can be desired from the standpoint 
of assured starting ability, pull-out torque, and safety. The 
emergency stop can now be secured by means of dynamic 
braking or plugging. The magnetic clutch served well in its 
day but the synchronous motor is much more satisfactory as 
to safety and other practical features. 

It is virtually settled that for most lines of 84-inch mix- 
ing mills there should be an allowance of about 125 h.p. 
per mill to carry the peak loads. In certain classes of work, 
however, larger motors are needed and again the motor rating 
can be reduced. In the operation of rubber crackers the 
ratio of average load to peak load is usually 3% or 3% to 
1. The average load of a cracker is not much over 50 or 60 
h.p., while the peak may reach momentarily as high as 200 
h.p. or practically 4 to 1. The ratio of average load to 
peak load in the case of a sheeter is about 1% to 1. 

The Banbury mixer is the most recent development in 
rubber mixing machinery. Originally there was much dis- 
cussion as to its proper size of motor. The present practice 
is to use a unit coupled direct to the line shaft and having a 
rating of 500 h.p. for size No. 27. 

For the operation of a 16 by 42-inch warming mill it 
seems definitely settled that a 75 h.p. induction motor is suf- 
ficient for all classes of work and a 150 h.p. motor for a 
20 by 60-inch mill. The synchronous motor is considered 
the best drive for a single mill when taking into account 
just the factors of pull-out torque and power-factor correc- 
tion. If the latter point is not essential and first cost is 
important, an induction motor is used provided pull-out 
torque is sufficient. 

In making application of synchronous motors to individual 
warming mills the 125 h.p. .8 p.F. motor does very well for 
the 20 by 60-inch mill. In the case of the 16 by 42-inch 
mill the 75 h.p. .8 P.F. motor may as well be chosen since 
the 60 h.p. size does not cost much less. There is the fur- 
ther consideration that the single mill installation is often 
on feeder with many small motors. In such case the sur- 
plus capacity above that required for the mechanical load 
can well be employed for power-factor correction. 

Tubing machines are about the most troublesome of 
any to which to apply motors, especially in a department 
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where miscellaneous work is conducted with frequent 
changes in stocks and die sizes. About the only way to 
cope with such a situation is to apply a motor large enough 
for the extreme condition and risk so that it will be run below 
its rating more or less of the time. It is pretty well settled 
that a 6-inch tubing machine with worm speed of 65 r.p.m.. 
operating on tire tread or tubing requires a 50 h.p. motor. 
There can be variations from these specifications to comply 
with special power requirements. 

The use of conveyers is entering into many manufacturing 
methods. They are freakish things to which to apply motors 
because of the excessive starting effort they require com- 
pared with their average load value after the motor has 
brought them to full speed. In general the torque required 
to start is 2.3 times the running torque of the load as found. 
The choice of motor then is the one nearest to that value. 
This rule applies more especially to belts dragging on sta- 
tionary supports. Where the belt is supported by rollers 
mounted in ball-bearings, the starting effort is much less. 
At best the job is always over-motored and this will con- 
tinue so until a motor is produced that will have much bet- 
ter starting ability and yet have good efficiency and power 
factors. The realization of this may be a long way off; so the 
best expedient in nearly all cases is the standard squirrel- 
cage motor. 


In many rubber plants where there is occasion to use 
motors, they probably do not run above 10-15 h.p. and the 
large majority 714 h.p. and below. In the case of motors of 
10 h.p. and over it should be possible to find motors having 
special starting torque characteristics, which would con- 
siderably simplify the problems of motor applications in the 
larger installations. 


[Reprinted from THe Russer AGE 
(N. Y.), Vol. 25, No. 7, July 10, 1929] 


Some Practical Methods of 
Measuring Gauge at 
the Calenders* 


E. O. Dieterich 
The B. F. Goodrich Company 


LITTLE reflection will immediately establish the fact that it 
is necessary to control, in some manner, the thickness of 
practically every stock delivered by a calender, and that this 

control is indicated by the twin considerations of quality and cost. 
As an illustration, consider coated fabrics' used for tire carcass 
construction. From the standpoint of quality the skim coat applied 
to the fabric during calendering must be of sufficient thickness to 
insure adequate insulation between the plies in the completed tire. 
Not only must the average thickness be more than a certain minimum 
but it must be uniform, for non-uniformity results in heavy gauge 
in some regions and light gauge in others, the latter being a fruitful 
source of failure by ply separation in service, on account of excessive 
stresses developed by loading and traction. On the other hand, a 
skim coat which is too heavy may actually lead to deterioration in 
quality by introducing defects caused by increased difficulty in tire 
building. Another example that. may be cited is the tread slab, 
tubed or calendered. Light gauge here may result in incomplete 
filling of the mold, producing blemished tires; on the other hand, 
a tread slab that is too heavy may cause a more serious defect, 
buckled carcass, due to excessive rind at the mold register. In the 
case of solid tires, correct gauges are of utmost importance. And 
so one may instance an almost endless number of examples of the 
necessity of preserving quality by controlling gauge—in footwear, 
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belting, hose and other mechanical products, rubber sheet for thread 
of all kinds, hard rubber compounds for panels, battery jars, etc. 


On the side of production cost, excess gauge (beyond the require- 
ments) may result in enormous losses. To illustrate: Let us con- 
sider a calender delivering material 54 inches wide at an average 
rate of 25 yards per minute for 24 hours, 300 days a year. (This 
is a conservative example for a calender in continuous operation in 
a large plant.) The annual output of this machine would be 
16,200,000 square yards. Now, if carelessly or intentionally, the 
average gauge of this were only .001 inch greater than specified, the 
excess gum required would amount to 12,150 cubic feet, or, at a 
gravity of 1.0, about 760,000 pounds. If the material cost be taken 
at 50 cents per pound, then the loss in a single year would amount 
to $380,000. These are not insignificant figures; the manufacturer 
of rubber goods who in these days of strenuous competition does not 
literally “split hairs” at his calenders is imperilling his position in 
the industry. 


The tremendous importance of controlling the gauge of calendered 
materials has aroused a lively interest among engineers and this 
has resulted in the development of a number of different types of 
control, The four most widely used in the rubber industry at the 
present time are illustrated in the figures below. 


I. Hand Gauges. No rubber factory seems to be complete 
without hundreds of these, and, numerically, they outweigh all others 
in importance. Figure 1 shows the mechanism of one of the dial 
types, which include Ames, Randall-Stickney, Federal, etc. The ma- . 
terial to be measured is placed between the foot, A, and an anvil, B. 
When the foot is in contact with the anvil both hands of the dial are 
in their respective zero positions. Raising the foot by means of the 
lever, C, to introduce the sheet to be measured actuates the gear train 
and causes both hands to rotate. The smaller hand makes one com- 
plete revolution for four revolutions of the large hand. As ordinarily 
used in the rubber industry, the smallest division indicated on the 
large dial is .001 inch, and on the small dial 0.1 inch. Different 
gear ratios and scales, of course, are used for various purposes. 


The dial gauge must not be considered as a direct measuring 
instrument in the same sense as an ordinary linear scale. The linear 
movement of the foot is converted, by the train of gears, to an 
angular motion of the dial hand. The accuracy of the indications of 
an instrument of this sort is dependent upon the accuracy and uni- 
formity with which the gears are cut. It is entirely possible that 
the divisions in one part of the scale may not represent the same 
amount of travel as a corresponding number of divisions in another 
part, and for most accurate work the scale should be calibrated 
throughout, and precautions taken to avoid errors due to lost motion 
in the rack and pinion and gear train. 


The chief sources of error in the use of this instrument are in 
the variations of foot pressure in different ranges of the scale and 
among different gauges, and in the compressible nature of the ma- 
terials measured. At equal unit pressures the penetration of the 
foot into the sheet will be different for different stocks, and errors 
of- considerable magnitude may result. 


II. Mechanical Weighing Devices. The operation of these 
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is based on the relationship between gauge and weight. For a 
homogeneous sheet of uniform thickness and width, the weight per 
unit length will depend upon the specific gravity of the stock, the 
thickness and width of the sheet. This type of instrument must, 
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Dial Type Hand Gauge 


therefore, be calibrated in terms of these factors. In practice, the 
width of the sheet is kept constant, as described later, and the 
instrument is used to indicate variations in thickness through the 
variations in the weight of a constant length of the sheet. 


-Any type of weighing device may be adapted, in this manner, to 
the control of gauge. When so used the load pan is replaced by a 
roller or plate to carry the material to be measured. 


Figure 2 gives the essential details of the mechanism. The 
double roller assembly is mounted at each end on knife edges and 
adjusted to incline at an angle of a few degrees with the horizontal 
in the direction in which the web is traveling. One end is linked 
with the weight beam and the indicator. The rollers at the ends 
are spaced equidistant from the weighing roller and the three lie in 
the same horizontal plane. The material passes over and is sup- 
ported by the three rollers. The center roller, it is observed, has 
an enlarged section at the middle. This serves to carry the central 
strip of the material, the edges being supported on plates at either 
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side of the enlargement in the roller, making it possible to measure 
sheets of various widths without adjusting the scale. In operation 
the counterweight is set for the proper unit area weight on the beam 
and the indicator then reads zero, if the weight of the material 
delivered by the calender is correct. If it becomes too heavy, the 
double roller rotates counter-clockwise, as viewed from the scale 
beam, causing the hand of the indicator to move toward the side of 
the scale marked “over,” if too light it rotates clockwise toward the 
region marked “under.” The indicator scale may be calibrated to 
read in fractions of an ounce over- or under-weight. Electrical 
contacts may be provided to indicate by lights, or other means, 
when the limits of tolerances have been reached, or to operate con- 
trol mechanism for adjusting the calender, A graphical record of 
the variations may be drawn by the indicator. 


The success of this system of gauging material depends upon 
several factors. Of first importance is the accuracy of determining 
the relationship between gauge and weight. This calibration, for 
any stock, is derived by comparing the weight of a given yardage 
run to constant gauge with the readings of the indicator. Knowing 
the variation of weight with gauge it is then a simple matter, 
theoretically, to estimate the uniformity of production by the use of 
an instrument of this sort and to make it serve as control on calender 
operation. Another factor of great importance is the constancy of 
the tension on the sheet as it passes over the weighing rollers. This 
may be secured by providing compensating bars before the first and 
after the last roll which will maintain an even tension on the web 
at all times. One of the most aggravating sources of error in the 
use of this device is the presence of drafts in the calender rooms 
and these cannot be avoided unless the weighed portion of the web 
is shielded by an enclosure. The area presented to the air is very 
large and a slight downward draft will throw the indicator to “over” 
although the weight may be correct, while an upward draft under 
the same circumstances will cause the indicator to read “under.” 
In certain operations, such as tread calendering or tubing, where the 
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thickness is great and the width small, the latter error diminishes 
to negligible proportions. 

III. Instruments Depending upon Electrical sideeeonel 
for Indication of Gauge. These are of two classes: 


(a) The “radio” gauge which operates by changes in the electro- 
static capacity of part of an electrical system. 

(b) The magnetic gauge, the operation of which is determined 
by changes in the reactance of a portion of an electrical 
circuit. 


Both of these instruments are of recent development and application 
to the needs of the rubber industry. The radio gauge has been in 
successful use for a few years in the paper industry and has been 
introduced to the rubber industry during the last two years. The 
use of the magnetic gauge in the measurement of rubber is also a 
contemporary development. 


Figure 3 is a diagram of the electrical circuits involved in the 
radio gauge. The condenser, between the plates of which the ma- 
terial to be gauged passes, forms part of a tuneable circuit which 
is inductively coupled to another circuit oscillating at about 500,000 
cycles per second. The amount of current passed through the former 
circuit depends upon its capacity, inductance and resistance. If the 
latter two are kept constant and the capacity varied, a typical 
resonance curve is obtained the area and steepness of which are 
largely modified by the resistance. The steepness of the resonance 
curve determines the sensitiveness of the arrangment, a sharply 


rising curve indicating that small changes in capacity produce large | 


changes in the current which is measured by a milliammeter used 
as an indicator. This method of gauging depends on the modifica- 
tion of the capacity of the measuring condenser by the materials 
passing through it. The capacity of a parallel plate condenser, such 
as this, is determined by the area of the plates, the distance between 
them and the dielectric constant of the medium separating them. 
The first two are maintained constant and the dielectric varied in 
this instrument. The space between the plates is about one-half 
inch. Air has a specific inductive capacity of 1, while for rubber 
and fabric this constant varies from about 2.5 to 4.0. Thus, when 
part of the air is displaced by a web of rubber the capacity of the 
condenser is increased. As the rubber varies in thickness, or in 
weight, so will the capacity, increasing with increasing thickness 
and decreasing as the thickness or weight diminishes. This change 
in capacity is reflected in the variation of the current passed through 
the circuit and registered by the indicator. 


In practice, the electrical characteristics of the measuring circuit 
are chosen so that a satisfactory sensitiveness is obtained, and the 
indicator reads zero when a web of the proper thickness lies between 
the plates. Any deviations from the standard thickness are then 
registered by the indicator, and may be permanently recorded by 
an autographic recorder connected in parallel with the indicator and 
the chart used as a check on calender operations. 


The operation of this instrument depends upon the correspondence 
between the thickness of the material and the dielectric effect. Since 
the weight of a constant area of a sheet of uniform thickness is 
directly proportional to the thickness, this instrument is frequently 
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referred to as a weight-meter, and calibration is affected by weigh- 
ing known yardages of material run to a constant indicator reading. 


In use a number of factors must be taken into consideration in 
order to insure satisfactory results. It is just as necessary here 
as it is in the case of mechanical scales to keep the tension on the 
web constant and the web parallel to the plates. Sticking of the 
gum to the plates must be avoided. Temperature changes will affect 
the separation of the plates unless compensation is provided. The 
manufacturers of this instrument have resorted to the use of invar 
for the bracket supporting the condenser plates. Line voltage 
changes must be without effect upon the indicator, so a voltage 
regulator is included in the circuit. Tube characteristics must remain 
constant and matched tubes are used to avoid recalibration each time 
a tube is replaced in the indicating circuit. 


The fourth type, the magnetic gauge, as the name indicates, con- 
verts changes in thickness into magnetic effects in an electrical 
circuit. Figure 4 shows the arrangement of the electrical circuits. 
Briefly, they consist of two balanced circuits, properly adjusted re- 
garding phase difference and power factor, one of which is main- 
tained constant, the “master” circuit (Figure 4, A), and variations 
in the other (Figure 4, B) are measured by an ammeter (Figure 
4, C), acting as an indicator and recorder. The measuring magnet 
is mounted on a carriage, riding upon the gum on the calender or 
idler roll, and uses the roll as an armature. When the distance 
between the calender roll and the magnet is the same as that between 
the “master” magnet and its armature the indicator reads zero. 
When this distance changes, the magnetic flux, and, hence, the re- 
actance of the measuring circuit is affected and the indicator reads 
over- or under-gauge, depending on whether the magnet moves 
farther from or closer to the roll, The indicator scale may be 
calibrated to read directly in thousandths of an inch. 


Calibration of this instrument is effected by introducing measured 
thicknesses of non-magnetic material between the magnet and the 
roll and noting the reading of the setting device when the indicator 
reads zero. The setting device scale may read either arbitrary 
divisions or be divided to indicate, directly, chosen fractions of-an 
inch. 


The accuracy of the indications of this device, as in the others, 
is influenced partly by the material being gauged and partly by the 
instrument itself. Temperature changes of the carriage require com- 
pensation, and here, again, invar is used. Line voltage fluctuations 
have their effect and voltage regulation is required. The softness of 
the stock determines the extent to which the carriage wheels sink 
into the sheet. Sulphur deposits collecting on the carriage wheels 
must be removed before they become heavy enough to affect the 
readings appreciably. 


In a general way, the descriptions above cover the fundamental 
principles underlying the instruments most commonly used in gauging 
calendered stock and indicate the features in which the various 
devices excel and in which respects they are unsatisfactory. With 
the exception of the hand gauge all the instruments are independent 
of the personal equation. They are sufficiently sensitive and quick 
in response. All of them may easily be modified to include control 
of the calender. But considerable improvement is still necessary 
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before the ideal is reached. What 1s required is an instrument of 
adequate sensitiveness, so that important variations in gauge mav 
be indicated and controlled. It should be unaffected by external 
influences such as temperature, humidity, pressure, etc. The physical 
characteristics of the material measured should be without effect; 
i.e., its indications must be accurate. Its range of measurement 
should be large enough to include all the stocks for which gauge 
control is necessary. Mechanical simplicity, and portability are 
desirable, ruggedness is imperative. The original cost and main- 
tenance expense should be moderate in order to allow of wide 
application. These are problems for the mechanical and the elec- 
trical engineer. The rubber manufacturer, on his part, can contribute 
to greater uniformity and economy by thorough study of the ma- 
terials to be calendered and of machine operation. Progress in 
these directions is greatly desired. 

Whether a single universal instrument can be designed is ques- 
tionable. There is a strong tendency in the direction of subordinating 
overall gauge in some operations and relying mainly on square yard 
weight. In other cases gauge apparently must remain the s»le 
factor governing the operation, so it now appears that the field may 
later be divided among two types of instruments, one an accurate 
weighing device, the other an accurate thickness measuring device. 


{Reprinted from THe Rvusser AGE 
(N. Y.), Vol. 25, No. 8, July 25, 1929] 


Essentials for Accurate 
Gauging for Compressible 


Material 


By Roy W. Brown 


Firestone Tire & Rubber Company 


Abstract 


Variables affecting the accurate thickness measurement of com- 
pressible sheet materials such as fabric and rubber stock are indi- 
cated as: 1. Linear accuracy of the micrometer, 2. Pressure ex- 
erted by the micrometer foot. 3. Size of the micrometer foot. 
4. Friction in the micrometer mechanism. A unit area foot pres- 
sure of (70.3 gram. per sq. cm.) 1 Ib. per sq. in. has been found 
satisfactory. Friction in the micrometer ‘mechanism is shown to 
limit the minimum foot pressure to approximately (199.5 grams) 
.44 Ibs., hence a (1.906 cms.) ¥%” diameter circular foot, or equiva- 
lent, is required on present available mechanical gauges. 

Methods of meeting the above fundamental requirements are in- 
dicated for optical and magnetic gauges. Limiting factors in the 
accuracy securable by the use of dielectric gauges are discussed. The 
necessity for standardized practices is so apparent as to command 
consideration of all concerned. 


N measuring the thickness of compressible sheet materials, such 
as rubber, fabric, rubberized fabrics, or any material which de- 
forms appreciably under small loads, various factors enter the 

measurement in addition to the intrinsic properties of the gauge or 
dial micrometer uses. It is apparent that with gauges having parts 
which come in contact with the material being measured, deformation 
of the material results in an indicated thickness less than the actual 
thickness by the amount of the deformation. This factor has been 
largely responsible for the relatively inaccurate measurements se- 
cured in the rubber industry, as compared to machine shop meas- 
urements. 

The effect exerted by mechanical dial micrometers has been 

shown for several common materials.1 Although much research has 
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been devoted to more elaborate methods of gauging rubber materials, 
the simple dial micrometer is still used almost exclusively, with the 
exception of the few instances where it is desirable to measure, con- 
tinuously, the thickness of moving materials. 


To those who have studied the problem, it soon becomes apparent 
that the foot pressure of the dial micrometer must be accurately 
controlled, if practical accuracy is to be secured. Further, the foot 
pressure must also be reduced to a minimum consistent with the 
mechanical operation of available dial micrometers. A survey of 
various typical industries indicated large discrepancies in the prac- 
tices as regards foot pressure. Also a survey of some 300 mechan- 
_ ical dial micrometers indicated a very wide discrepancy in foot 
pressures between different instruments of the same make, as well 
as between different makes. It was, therefore, thought desirable to 
determine the factors in dial micrometers which contribute to vari- 
able foot pressures and to determine the minimum foot pressure 
which could be used in a practical manner with commercially avail- 
able dial micrometers. It was found that a unit area foot pressure 
of (70.3 grams per sq. cm.) 1 Ib. per sq. in., gave readings on the 
majority of rubber and fabric materials within (0.051 mm.) .002 
inch of the actual thickness and represented average practice of a 
number of the industries investigated. 


A survey of the dial micrometer manufacturers indicated that 
with minor changes production methods would produce instruments 
with foot pressure of a specified value. Also a survey of a large 
number of different makes of new and used instruments indicated 
that a minimum foot pressure of (199.5 grams) .44 lb. was required 
to insure accurate mechanical operation of the micrometer mechan- 
ism. On this basis, with a unit area pressure of (70.3 grams per 
sq. cm.) 1 Ib. per sq. in., it was found that a (1.906 cm.) 34” diameter 
circular foot, or other shaped foot of equivalent area, was the 
minimum which could be used in a practical manner. 


Specifications were prepared covering the above features and 
dial micrometers have been secured for over a period of a year 
complying with such specifications. Section 3, “General Require- 
ments,” Paragraph A, reads as follows: “It has been determined 
that to secure satisfactory service the following performance must 
be secured: (a) An absolute linear accuracy to within + (0.013 
mm.) .0005 in. (b) Securing and maintaining the specified foot 
pressure throughout the range of the gauge to within +10% of the 
specified value. (c) Minimizing friction in the gauge from all 
causes to such an extent that its value throughout the entire oper- 
ating range of the gauge does not exceed +10% of the foot pres- 
sure,” and Paragraph K, “Accuracy Tolerances,” reads: “These 
thickness gauges shall measure linear distances to within + (0.013 
mm.) .0005 in. The foot pressure shall be within +10% of the 
specified foot pressure at any portion of the range. Friction at all 
portions of the range, due to all causes, shall not exceed +10% of 
the specified foot pressure. The face of the foot, as well as the 
face of the platen upon which the foot bears shall be plane and 
parallel to each other to within (0.013 mm.) .0005 in.” 

' Much consideration was given to the use of dead weights to 
replace springs as a means of securing the desired foot pressures. 
An examination of available instruments indicated that a large 
number of these instruments had springs of such inferior design as 


Fig. I 
Precision Bench Micrometer 


to cause appreciable variations between the maximum and minimum 
readings as well as appreciable variations throughout the useful life 
of the instrument. In certain instances the mounting of the springs 
seriously increased friction and wear in the gauge mechanism, These 
matters were discussed with the vendor’s engineers and in several 
instances changes were made, which not only provided new instru- 
ments with foot pressure variation from all causes within +10%, 
but insured that such foot pressures would remain within the £10% 
tolerances for the useful life of the instrument. These develop- 
ments largely eliminated the necessity for dead weights and pro- 
vided a truly portable gauge which could be used in any position 
desired. Gauges with dead weights as a means of securing foot 
pressures have been satisfactorily used in the laboratory and other 
places where extreme precision was desired. . It was necessary in all 
cases to rigidly attach these gauges to a non-movable object in such 
a manner that the spindie was maintained in a vertical position. 

A method of comparing the linear accuracy of a dial micrometer 
with that of a precision bench micrometer is shown in Figure 1. 
Also in Figure 2 is shown a convenient and highly accurate method 
of determining the linear accuracy of the instrument at several 
points. Methods of determining friction, foot pressure and parallel- 
ism between the foot and the face upon which it bears can readily 
be developed to fit individual practices. The important points are: 
First, definite tolerances be set up for these factors; second, new 
gauges be secured and used instruments maintained within such tol- 
erances. 

Optical thickness gauges, as usually developed for plant service 
are fundamentally mechanical gauges using optical magnifying meth- 
ods, therefore the remarks on mechanical gauges apply with the 
possible exception that due to the lesser mechanical multiplication, 
less friction is incurred, which permits the use of lower foot pres- 
sures. The desirability of using foot pressures lower than can be 
secured by first quality mechanical gauges is somewhat questionable, 
due to the influence of minor surface projections such as upstanding 
fibers in fabric and surface irregularities on rubber stocks. 

Very great multiplication can be readily secured in optical 


541 
# 
. 5 


Johansson type gauges are inserted in the micrometer and 
the micrometer readings compared to the gauging thickness 


micrometers, hence the readability can be increased to any reason- 
able value desired. The use of two instruments of equal accuracy, 
but one having twice as large scale divisions as the other will result 
in plant practice with a far greater percentage of accurate measure- 
ments being made by the instrument having the greater readability. 
Accessibility, ease of use, appearance, and other similar factors will 
also affect the percentage of accurate measurements obtained in the 
plant. 

Within the past several years the need for an instrument to con- 
tinuously measure the thickness of moving sheet material has been 
realized and various instruments have been developed to accomplish 
this purpose, several of which have been marketed. The more 
accurate among these have used the gap caused by the non-magnetic 
material as a means of electrically determining the thickness of the 
material. This requires some method of support of the magnetic 
device on or near the surface of the moving material and hence 
precautions equivalent to those used with mechanical gages must be 
taken, if accurate indication of the stock thickness is to result. In 
this case since the most desirable application is at or near calenders, 
tubing machines or mills, variables such as temperature or plasticity, 
which affect the ability of the stock to resist deformation are at 
their worst. After considerable experimentation a method was 
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evolved which gave thickness indications comparable to those se- 
cured on the same stock with dial micrometers. This method con- 
sists of mounting the magnetic element as shown in Figure 3 on 
four wheels similar to the rear wheel suspension of a six wheel 
motor truck. The wheels are so proportioned and loaded that de- 
pression into the stock is a maximum of (0.076 mm.) .003 in., 
and the above mentioned unit area foot pressure of (70.3 grams/sq. 
cm.) 1 Ib. per sq. in. is secured. Both experiment and extended use 
has confirmed the accuracy of continuous thickness indications se- 
cured in this manner. In fact, the accuracy is of the same order 
as is the accuracy of indications obtained in the more usual manner 
with dial micrometers. 

In 1921 articles were published describing methods of measure- 
ment by variation of condenser capacity.2 Numerous applications 
of this principle have been made among which is a commercially 
available instrument used to some extent in the paper and rubber 
industries. In this instrument the sheet material is passed between 
the plates of a condenser, the variation of capacity being indicated 
by changes of anode current from a thermionic valve in a connected 
oscillatory circuit. The advantages to be derived from the use of 
this instrument for the continuous indication of thickness of com- 
pressible material are due to the avoidance of mechanical contact 
with the material. Unfortunately the instrument indicates con- 
denser capacity at the oscillation frequency and capacity is deter- 
mined by many factors other than stock thickness. This accounts 
for the vendors’ inability to calibrate the instrument directly in 
inches similar to all micrometers and the previously discussed mag- 
netic gauge. 

The dielectric constant and volume of the material between the 
plates of a condenser determine its capacity. The dielectric constant 
of rubber as it comes from the mills and calenders is determined by 
the compounding ingredients, temperature, moisture content and the 
frequency used in the determination? Power factor affects the 


Fig. 3 
Method of mounting the actuating element of continuous 
indicating gauge to secure foot pressure equivalent to sta- 
tionary dial micrometers 
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frequency and must be considered. It also is a variable of the 
enumerated factors. It is apparent that the indication is a complex 
function of many factors and to be of value asa thickness indicating 
device these factors must be held constant within close limits. In 
plant practice this desired condition cannot be attained as has been 
proven by experiment and as is recognized by the practical produc- 
tion operative, hence the instrument is of service only as a transfer 
device and requires constant checking and intercomparison with the 
more conventional absolute methods of thickness measurement or 
weighing. 

Another method which offers possibility of combining the ad- 
vantages of the magnetic and dielectric type gauges was suggested 
by H. A. Thomas in 1923.4 This method uses a high frequency 
oscillating circuit, but depends upon an inductive shunt rather than 
capacity variation, thereby securing freedom from a number of in- 
strumental errors inherent in the dielectric instrument. 

The economic desirability of uniformity of measurement of the 
constituent parts, as well as the completed article of manufactured 
rubber and cotton materials is acknowledged by all. To secure 
even remote approach to the uniformity already attained on metallic 
machined articles requires compliance with the essentials discussed 
and rigid observance throughout the plant of a carefully prepared 
measurement technique. It is hoped that a more general recognition 
of the fundamentals of accurate measurement of compressible ma- 
terials will result in a standardization of such important factors as 
foot pressure. 

NOTES 


. India Rubber World, July 1, 1927, pp. 197-198. 

. Engineering, Sept. 9, 1921, and Machinery 28 No. 1, pp. 36-37, 
Sept., 1921. 

. International Critical Tables, Vol. II, pp. 273-274. 

. Engineering 135, pp. 138-140, Feb. 9, 1923. 
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The Double Refraction of 
Stretched Rubber’ 


By W. C. Van Geel and J. G. Eymers 
Physical Institute of the University of Utrecht, Holland 


Abstract 


A relation between the double refraction and the elastic tension 
of rubber is derived. The formula which is given defines double 
refraction as a function of tension up to a@ certain limiting value of 
the tension, at which point a strict proportionality between double 
refraction and tension begins, At this limiting tension the elonga- 
tion is 70 per cent., and it is noteworthy that at just this elongation 
X-ray photographs of rubber begin to show fibre diagrams. 


measured by Bjerkén! and by Rossi?, who found no general 
law which would show the way in which double refraction 
depends upon the tension. 

It seemed therefore that it might be of value to obtain precise 
measurements again, particularly since it has now become technically 
possible to prepare rubber which absorbs only a little light, so that 
it is no longer necessary to work with very thin sheets. 

The measurements were begun with raw plastic rubber, which 
was milled into thin sheets. Subsequently rubber obtained by the 
evaporation of pure latex was tested. 

First of all it is necessary to distinguish between plastic and 


"hae double refraction of stretched rubber has already been 


*Translated from Zeitschrift fiir sacaeeaal Chemie, Vol. 3, No. 3, 
pages 240-246, May 1929. 
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elastic rubber. By plastic rubber is meant a rubber which when 
subjected to stress, in the manner described below, shows no ultimate 
deformation but whose elongation is a function of the time, the 
effect being a “flow.” By elastic rubber is meant a rubber which 
under a given stress shows after a brief time a definite deformation. 
When the tension is released, elastic rubber resumes in a short time © 
its original condition, whereas plastic rubber remains in its deformed 
state and only after a long time, often after days, returns to its 
original state. 


Plastic Rubber 


In the case of plastic rubber the elastic properties were first of 
all investigated. A small rectangle was drawn with ink on the 
sample. The latter was then suspended in a rack and loaded with 
definite weights by means of a scale pan. 

The changes in length and width of the rectangle and in the 
thickness of the samples at definite loads were measured. It was 
found that the length, width and thickness changed with time when 
the pan was loaded with a constant weight. No equilibrium was 
reached, and the rubber continued to stretch until it broke. Only 
at very small loads was an equilibrium reached. Fig. 1 shows the 
change in length with time. At the beginning when the rubber is 
still elastic, the increase in length and the decrease in thickness and 
width are linear functions of the time. 

The double refraction was measured by means of a Babinet 
compensator, The source of light was a mercury vapor lamp, from 
which the green light was removed by a filter. 

Fig. 2 shows the double refraction as a function of the load per 
square centimeter (tension). Except at the beginning at low 
tensions when the rubber is still elastic, the double refraction is a 
linear function of the tension. Plastic rubber shows therefore a - 
certain resemblance to a liquid for, as is known, certain liquids 
under tension show a double refraction which is proportional to the 
tension. Since these phenomena are not of direct interest in the 
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present problem, further measurements were made with elastic 
rubber. 


Elastic Rubber 


Very elastic rubber was obtained by drying latex. Under stress, 
the length, width, thickness and double refraction changed only 
during the first moments. Equilibrium was reached in a short time, 
which depended upon the stress, but which never exceeded three 
minutes even with high loads. 

Fig. 3 shows the change in the length with the time. With 
elastic rubber, the measurements could be made under well defined 
conditions, and measurements of the double refraction as a function 
of the tension had some significance. A new sample sheet of rubber 
was used for every measurement, for after a strip had once been 
stressed, it showed on being stressed again a greater double refrac- 

, tion than did a fresh sample 

Fig. 3 under the same tension. 
Fig. 4 shows the results of 
these measurements. The 
mathematical sign of the 
- double refraction is positive. 
The curves in Fig. 4 are for 
strips of different  thick- 
nesses. The magnitude of 
the double refraction per 
unit of thickness obviously 


Sr O 5 10 18 20 25 thickness, because of the 

presence of an oxidized layer 

Time m minutes on the surface of the rubber. 

As a result, the effective thickness is measured disproportionately 
high. 

The curves may be altered by proportional changes in their 
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ordinal values to allow for the inaccurate measurments of thickness, 
but this does not change their form, and the double refraction is 
known only within a certain precision. 

The form of the curves is the essential feature, “a it is sig- 
nificant that their form is very similar to that of curves showing the 
relation between the double refraction and field strength of liquid 
crystals in a magnetic field. This relation has been derived by 
Ornstein? and is represented by the equation: 


3 3 
AS = Af 1——cotb+ — 
b b? 

pH 


where AX is the change in the double refraction b =——., where in 
kT 

turn y is the magnetic moment of a particle of the liquid-crystalline 
substance, H is the magnetic field, k is the Boltzmann constant, T 
is the absolute temperature, and A is a constant. 

Ornstein developed this formula on the basis that liquid crystals 
are composed of anisotropic molecules which in the magnetic field 
become aligned in parallel formation. This alignment of anisotropic 
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molecules probably takes place in rubber when the latter is stretched. 
In this case b in the formula above can be assigned a value propor- 
tional to the tension (at constant temperature). In Fig. 4 a 
theoretical curve for each thickness is recorded‘. 

It is evident that the form of the theoretical curves conforms to 
that of the experimental curves up to a certain limit (B in the Fig.). 
At B the linear relation between double refraction and tension be- 
gins, as with plastic rubber, The deviation of the curves in the 


|| 
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B 
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range from A to B probably depends upon the fact that the new 
condition which is fully evident at B is previously effective to a 
small extent. 

With every sample the linear relation began at the same tension 
(approximately 6 kg. per sq. cm.), regardless of the original thick- 
ness of the samples. From this point on, the length, width, thick- 
ness and double refraction again varied with the time, just as with 
plastic rubber. 

The elongation in centimeters as a function of the tension was 
measured at the same time, the results of which are shown in Fig. 5. 
The form of the curve is somewhat similar to that of the curves in 
Fig. 4. Here, too, a linear relation begins at a tension of 6 kg. 
per sq. cm., in this case between elongation and tension. At this 
point the elongation of every sample was approximately 70 per cent. 


Fig. 5 
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With plastic rubber, the linear relation also began at 70% elonga- 
tion, but here the tension was very small. 

This limiting value of 70% elongation appears therefore to be a 
characteristic constant of pure rubber. It probably depends upon 
the composition of the rubber and upon the temperature. 

It is worthy to note that in X-ray photographs of rubber at 
elongations below 70 per cent., Katz5 found only an amorphous ring, 
while above this elongation (i. ¢., in the range where a linear rela- 
tion was found in the present work on double refraction) crystal 
interferences appeared, the intensity of which increased with the 
elongation. 

Another remarkable property of plastic rubber should be noted. 
When a strip of rubber is stretched beyond its limiting point of flow 
and is then held at constant length, the double refraction diminishes 
with time. It does not disappear however, and a residual double 
refraction remains present. This is also true of the tension. The 
remarkable fact is that this residual double refraction and residual 
tension are almost or wholly independent of the original elongation. 
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The diminution in the double refraction with time is shown in 
Fig. 6. 

It is hoped that the work described above offers an exact experi- 
mental demonstration of the relation between the double refraction 
and elongation of pure rubber. Investigations of the evolution of 
heat during the elongation of rubber will be described in a forth- 
coming paper. 

Acknowledgment is made to L. S. Ornstein for his help and 
interest, to A. van Rossem for supplying the rubber, and to J. R.. 
Katz for making the work possible and for his valuable advice. 


Notes 
. Ann. Physik 48, 808 (1891). 
. Rend. Napoli [3] 16, 125, 142 (1910). 
Cimento [5] 20, 226, 268 — [6] 2, 151 (1911). 
Beibl. Physik 35, 206, 364; 67. 
Fortschritte Physik 2, 394 dsi0). 
. Ann. Physik 74, 445 (1924). 
. This form of the double refraction curve is also found for 
stretched celluloid. See Ambron-Frey, Polarisationsmikroskop, 175. 
. Naturwissenschaften 1925, 110. 
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The Consumption Of 
Accelerator During 


Vulcanization 


L. v. Wistinghausen 


‘ & HE so-called chemical theories of acceleration are based on 
the transformation of the accelerator during the process of 

vulcanization, but the quantitative study of such reactions is 
confronted by tremendous difficulties. From the increase in the 
amount of combined sulfur with time of cure, Hardman and White 
have drawn conclusions as to the relative stability of various ac- 
celerators. In these experiments they chose conditions which were 
specific for each accelerator, affording optimum effects. 


In the following work an attempt has been made to obtain some 
insight into the fate of the accelerator in the course of heating by a 
quantitative estimation according to the methods described below of 
the amount of accelerator found in the acetone extract of vulcani- 
zates with increasing time of cure. 


In order to study the effect on the accelerator of various in- 
gredients, the type of raw rubber, the quantity of sulfur, and the 
addition of fillers were considerably varied, while the ratio of ac- 
celerator to rubber remained constant. 


Attention was first directed to vulcanizates containing diphenyl- 
guanidine or mercaptobenzothiazole, as in these cases a quantitative 
estimation of the amount of accelerator remaining could be expected. 
The same experimental conditions were used for both accelerators, 
as it was interesting to determine to what extent their known dif- 
ferences could be expressed by their manner of disappearance. A 
technical point of view was left entirely out of the question, hence 


*Translated from Kautschuk, Vol. 5, Nos. 3-4, Pages 57-61, 75-77, Mar.- 
Apr. 1929, by J. P. Fahy. 
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the physical optimum was often far exceeded in the time of heating 
as is evident from the stress-strain curves of the vulcanizates. 


Procedure 


The finely ground material (20 g.) was extracted with acetone 
in a Soxhlet apparatus for twelve hours, and the acetone was then 
completely evaporated from the extract on a steam-bath. 


Determination of Diphenylguanidine 


The residue is dissolved in ether, and 10 cc. of O.1N aqueous 
hydrochloric acid added, The ether is then evaporated, and the cold 
hydrochloric acid solution containing now a part of the D. P. G. is 
filtered through a wet filter. The portion insoluble in hydrochloric 
acid is again dissolved in ether, treated with 10 cc. of O.N HCl, 
and so forth. After this operation is repeated three times and the 
filter washed with water, all the D, P. G. has been transferred to the 
hydrochloric acid solution. To the combined filtrates, not exceeding 
50 cc. in volume, there is added 50 cc. of a 1% aqueous picric acid 
solution (precipitation according to the method of Callan and 
Strafford), the flask is rotated a few times until the yellow precipi- 
tate has flocked together, and then allowed to stand over night. 
The precipitate is filtered off on a Gooch crucible which has been 
lined with filter paper, dried at 100° C. and weighed. The crystals 
adhering to the glass walls are transferred to the crucible with the 
help of the filtrate, the precipitate is washed once with 5 cc. of water, 
and dried at 100° C. to constant weight. The weight of the precipi- 
tate multiplied by the factor 0.4798 gives the amount of diphenyl- 
guanidine present. 


Parallel determinations with pure diphenylguanidine differed not 
more than 1%. The limit of error using vulcanizates must be placed 
at +3%. Vulcanizates heated for a rather long time give picrates 
which apparently contain besides D. P. G. decomposition products, 
as they become dark brown on drying and melt at a very low tem- 
perature, though not below 100° C. 


Determination of Captax (mercaptobenzothiazole)2 


The dried acetone extract is dissolved in 20 cc. benzene with the 
aid of heat and filtered. The flask is washed twice with 10 cc. por- 
tions of benzene, and te the combined filtrates there is added a 3% 
filtered solution of copper oleate (De Haén) in benzene in excess so 
that the solution remains green. The flask is allowed to stand over 
night, and then the orange-yellow precipitate is centrifuged off, 
washed first with benzene and then with petroleum ether while in 
the centrifuge, dried at 140° C. and weighed. 


The following reaction is involved: 


2C7HsN + Cu(CigH3302) 2 —> 2CisH3402 + 
Captax copper oleate oleic acid 
CuC;H4NSe + C7H4NSe 
copper YZ dibenzo- 
salt of thiazoledi- 
Captax sulfide 


The cupric salt of mercaptobenzothiazole which forms at first 
and which is soluble in benzene changes to the insoluble cuprous salt 
and dibenzothiazoledisulfide (similar to the decomposition of cupric 
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cyanide to cuprous cyanide and cyanogen). The precipitate contains 
therefore exactly half the Captax present; its weight represents 
68.7% of it, and hence is to be multiplied by the factor 1.4556. The 
error here is about the same as in the determination of diphenyl- 
guanidine as the picrate. 


Effect of Time of Heating 


Cures were run of each mix at 4 at. for 5, 10, 20, 30, 60 and 90 
minutes, In almost all cases the heating caused a decrease in the 
amount of accelerator remaining as found by extraction. A minimum 
value of 1.5% of the accelerator added was found in one case of a 
90-minute cure. In this way curves were obtained showing the con- 
sumption of added accelerator in per cent. These will be discussed 
in detail. 


The Base Mix 


The base mix, from which the other mixes were obtained by 
changing the quantity of some ingredients and adding others, con- 
sisted of: 

Raw rubber (first latex crepe) 
Diphenylguanidine or Captax? 
Thermatomic carbon 

Sulfur 


The corresponding curves are given in Figure 1. The consump- 
tion of more diphenylguanidine than Captax agrees with the greater 
vulcanization effect in such unusual compounds. Figure 2 shows 
the stress-strain curves. 


Varying the Type of Raw Rubber 


In place of first latex crepe, sprayed rubber and Peru rubber 
were used. The marked deviations in the position and course of 
the consumption curves (D. P. G. Fig. 3, Captax Fig. 5) are doubt- 
less due to the marked differences in the powers of absorption of the 
various rubbers. Sprayed rubber showed the least requirement of 
either accelerator. In the D. P. G. compounds the vulcanization 
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effect was the same for all three rubbers, and the stress-strain curves 
for 20 and 60 minutes are close together (Fig. 4). 


Effect of Zinc Oxide 


Cures were made of the original base mix (first latex crepe, 
diphenylguanidine) with the addition of 0.2% to 98% of zinc oxide 
calculated on the rubber. The 0.2% had no noticeable effect, but 
0.75% greatly increased the consumption of accelerator. The in- 
crease is relatively large using small amounts of zinc oxide, falling 
off with further additions, and at about 12% zinc oxide approaching 
a logarithmic curve with the maximum consumption of D. P. G. as 
a limit. (See Fig. 6.) . 

The consumption of accelerator is somewhat less with larger 
amounts of zinc oxide, the cure being 30 to 90 minutes. Figure 8 
shows the result of adding about 12% zinc oxide. The deviations 
between the various types of raw rubber are greater than in the 
case of the zinc free compounds. The consumption of accelerator 
is largest in the case of first latex crepe, and least in the case of 
sprayed rubber probably because of the presence of the natural basic 
accelerator; the Peru lies in between. Table I shows the trend in 
the consumption of accelerator with increasing amounts of zinc oxide. 


Table I 
CONSUMPTION OF D. P. G. IN PERCENT 
Cure in Amount of Zinc Oxide Added 
minutes 12% 24.5% 49% 98% 
10 36 
20 50 52 
30 63 64 64 
40 73 73 
60 86 83 83 


90 85 84 84 


Figure 7 shows the change in the angle of curvature of the stress- 


strain curve using 12% zinc oxide as compared with the zinc-free 
base mix. 


The curves showing the consumption of D. P. G, are more nearly 
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straight lines in the case of sprayed rubber and Peru rubber than 
in the case of the first latex crepe, at least within the limits in- 
vestigated. Here, too, the stress-strain curves fall close together as 
in the case of the zinc-free compounds. Figure 9 shows the 20- and 
90-minute cures. 

In the corresponding Captax compounds containing 12% zinc 
oxide, the three types of raw rubber differed in the consumption of 
accelerator (Fig. 10). In the case of the Peru rubber, the consump- 
tion was abnormally high and was accompanied by a marked under- 
cure, so that a side reaction must have played a part, resulting in 
the formation of a zinc salt. (See Fig. 11.) Likewise the stress- 
s.rain curves of the first latex crepe and sprayed rubber compounds 
do not coincide, the greater consumption of Captax by sprayed 
rubber being reflected in a higher cure. (Fig. 10, 11.) 


Varying the Amount of Sulfur 


Attention was now directed to vulcanizates with the same com- 
position as the base mix but with a smaller (1.9%) or larger (7.5%) 
percentage of sulfur calculated on the rubber, and both without and 
with the addition of zinc oxide (12%). 


The Effect of Sulfur Without Zinc Oxide 


The consumption of D. P. G. was about the same as in the case 
of 3.8% sulfur. This was true of all three rubbers as is shown by 
Table IT. 


Although the stress-strain curves (Fig. 12, 13) show an increase 
in cure with increased sulfur, yet this need be ascribed only to a 
very slight extent to the participation of the accelerator in the re- 
action. This is more clearly shown in the corresponding zinc-free 
Captax compounds (Fig. 14, 15). In the case of 1.9% and 3.8% 
sulfur, the consumption curves lie close together, and in the case 
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Table II 
PERCENT. OF DIPHENYLGUANIDINE CONSUMED 
Cure in First latex Sprayed 


%S minutes crepe rubber Peru 
19 10 27 
20 35 24 28 
30 
60 46 ae 33 
90 52 46 34 
3.8 10 29 
30 39 25 29 
60 46 30 33 
90 53 45 38 
7.5 10 36 
30 27 
60 46 30 34 
90 54 42 


of 7.5% sulfur the consumption of accelerator is still smaller, while 
the cure increases with the sulfur (Fig. 16, 17). The cure of the 
compounds rich in sulfur was retarded, though accelerator was 
present, by direct action between the rubber and the sulfur (the 
consumption of Captax in the case of sprayed rubber containing 
7.5% sulfur was nil). Consequently the compounds showed a slower 
increase in tensile, the optimum being reached only after 30 to 60 
minutes cure (Fig. 18, 19), in contrast to the Captax compounds 
containing zinc oxide. 
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(20 min. cure) 
First Latex Crepe + ZnO + Diphenylguanidine 


The Effect of Sulfur in the Presence of 12% Zinc Oxide 


The consumption of diphenylguanidine was decidedly less using 
1.9% sulfur than using 3.8% sulfur, and decidedly more using 7.5% 
sulfur. The curves for the three types of raw rubber are given in 
Fig. 20 and 23. 

The effect of doubling the quantity of sulfur, that is, the distance 
between the curves representing the 1.9%, 3.8%, and 7.5% sulfur, is 
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least in the case of sprayed rubber, no doubt due to the presence of 
the natural accelerator, and greatest in the case of Peru rubber.* 

The stress-strain curves (Fig. 21, 22, 24) show that with in- 
creased sulfur there is an increase in cure, which somewhat parallels 
the accelerator consumption. Therefore in these ZnO compounds, 
the accelerator must have participated in the reinforcement obtained 
by increasing the sulfur. Moreover the optimum cure was generally 
reached in twenty minutes. (Fig. 25, 26, 30.) 

The phenomena noted, using any of the three types of raw rubber 
with D. P. G., are much the same in the case of Captax and first 
latex crepe. (Accelerator consumption, Fig. 27; stress-strain curve, 
Fig. 28.) Sprayed rubber and Peru, however, show no marked 
increase in the consumption of Captax with increased sulfur. 

Fig. 27 also shows very well the well known differences in the 
activity of D. P. G. and Captax as regards the accelerator consump- 
tion. All the Captax curves rise more sharply over the period 5 to 
20 minutes than the corresponding D. P. G. curves; they then fall off 
toward the horizontal axis, crossing the D. P. G. curves. The 
steeper initial rise of the curve corresponds to the tendency of the 
accelerator to cure sooner. The flat character of the latter part of 
the curves is worthy of notice. 

However, in the case of the compounds investigated, the attain- 
ment of the maximum consumption value did not coincide with the 
best technical cure. On the contrary, the consumption curve, after 
passing the point of optimum cure (5 to 10 minutes in the case of 
Captax, and 20 to 30 minutes in the case of D. P. G.), continues on, 
without any noticeable change in direction, through the zone of 
reversion (Fig. 29), and therefore a certain parallelism between this 
further consumption of accelerator and its “devulcanizing”’ action is 
hardly mistakeable. Thus, in the Captax compounds, except in the 
case of sprayed rubber containing natural accelerator, when the 
maximum consumption was reached the stress-strain curves for the 
60- and 90-minute cures lie close together; and likewise in the 
D. P. G. compounds the displacement of the stress-strain curves 
seems to follow the trend of the consumption curve, corresponding 
to the type of rubber used. (Fig. 25, 26, 30.) 


The Effect of Fillers on the Extraction of the Accelerator 


From a compound consisting of 


D. P. G. . 
Sulfur 3.8 parts 


it was possible to extract after a five and ten minutes cure 63% and 
61%, respectively, of the added accelerator. The addition of 38.5% 
of Thermatomic carbon caused no noticeable decrease in the percent 
of accelerator extractable, but the addition of other blacks did. 
(Table III.) 
Table III 
D.P.G. Remaining 

% Black Calc. on the Rubber After a 10-Minute Cure 

19% Thermatomic 

38% Thermatomic 

42% Micronex 

42% D F special black 

42% R Z lamp black 
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This phenomenon may be ascribed to the different absorptive 
capacities of the various blacks,® a function which is approximately 
proportional to the degree of fineness. In the case of Thermatomic 
carbon, adsorption is hardly noticeable, so that its general use is 
thereby facilitated. 

The type of zinc oxide used was varied (preceding formula 
+126% ZnO), and 5- and 10-minute cures run, but no noticeable 
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Fig. 25 Fig. 26 
Stress-strain Curves 
First Latex Crepe Sprayed Rubber 
1.9% S, D.P.G., 12% ZnO. 


differences in the vulcanizates could be detected (Table IV), as the 
D. P. G. salts, such as the sulfate, which were finally formed were 
extractable with acetone. 


Table IV 
D.P.G. Remaining 
% ZnO Calc. on the Rubber After a 10-Minute Cure 
126% 
126% 
126% 
126% 


The experiments show that the action of either accelerator is 
not purely catalytic but is accompanied by a consumption of ac- 
celerator, which to a certain degree is proportional to the results 
obtained. Where no accelerator to speak of was consumed, no ac- 
celeration in cure occurred. In the disappearance of the accelerator, 
thermal decomposition can be involved only to a very slight extent, 
as pointed out by Naunton (Chem. Centralblatt, II, 1315 (1925) ) 
among others. Sebrell and Vogt (Chem. Centralblatt, 1, 169 (1925) ) 
assume that a reaction takes place between zinc oxide and diphenyl- 
guanidine. 


The formation of complex compounds by different accelerators 


| 
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with cobalt salts of unsaturated organic acids® by merely bringing 
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the components together makes it probable that the compounds of 
D. P. G. or Captax with zinc oxide or zinc salts are also of a 
complex nature. Such compounds on the one hand might increase 
the solubility of the accelerator in rubber diphenylguanidine is 
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more soluble in petroleum ether as the cobalt complex than alone), 
and on the other hand they might emphasize the electro-positive char- 
acter of the central zinc atom and thereby assist in the activation 
of the sulfur.? 


The limit in the consumption of accelerator reached in the 
presence of 12% zinc oxide might depend on the solubility limit of the 
zinc-accelerator compound. However, the accelerator even in com- 
bination would be extractable by acetone. 


The final change in the accelerator molecule must therefore be 
ascribed to the action of the sulfur on the zinc-accelerator complex. 
This is also indicated by the increased consumption of accelerator 
(increase in limiting amount) obtained with increase in sulfur. 


Moreover, a compound between the accelerator and the rubber 
molecule would be plausible. 


The question, what is the relationship between the accelerator 
consumption curve and the curve representing the combined sulfur, 
can be answered only by further experiments. According to Hard- 
man and White (Joc. cit.) D. P. G. and Captax are so-called semi- 
permanent accelerators, which, with increase in combined sulfur, 
yield curves concave to the time axis. The degree of curvature of 
the consumption curve in the case of D. P. G. appears dependent on 
the type of raw rubber, and even more so in the case of Captax; 
the slowing up of the reaction is not due to the disappearance of 
the accelerator—on the contrary, Captax, even at temperature above 
150° C., appears to be very stable in rubber compounds. 


With regard to the combined sulfur, it has been shown (see also 
Twiss Joc. cit.) that it increases continuously without any point in- 
dicating the position of optimum cure. The likewise continuous 
trend in the curve representing the accelerator consumption confirms 
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the fact that the optimum technical cure does not represent a state 
which can be physically or chemically defined, thus agreeing with 
the microscopic findings of Pohle (Chem. Centralblatt 1, 2609 
(1927) ). 

NOTES 


Gummi-Ztg. 1927, 305. 
. This method is suitable as a qualitative test for Captax in cured 
rubber. It is advisable to extract a 100 g. sample. By this 
method Captax was shown repeatedly to be present in Goodyear 
treads and whole tires. By analyzing the corresponding cuprous 
salt it is not a difficult matter to show which thiazole derivative 
is present. 
. Stearic Acid was not used with Captax, as a new variable would 
thereby be introduced. The comparison of D.P.G. and Captax 
should be made using the same type of raw rubber. However, 
the experiments show that different raw rubbers differ distinctly 
in their effect on the quantity of accelerator extractable. In the 
case of Captax, the addition of fatty acid would have brought 
about conditions similar to those present using another raw rub- 
ber with a different fatty acid content, thereby hindering the 
comparison of D.P.G. and Captax. 
. Although decided overcures are obtained with 7.5% sulfur and 
30 to 90 minutes cure, yet the accelerator content is much 
greater in the case of sprayed rubber than ‘in the case of first 
latex crepe (Fig. 20). 
. Similar to the effect of gas black on free sulfur, observed by 
Twiss (Gummi-Ztg, 1928, 2307). 
. A beautiful demonstration of these complex compounds accom- 
panied by color reactions may be obtained in associating organic 
media (such as benzene, benzine, petroleum ether, chloroform, 
carbon tetrachloride, carbon disulfide, and sol-rubber—dissociat- 
ing solvents such as alcohol, ether, and pyridine are to be 
avoided), if one dissolves about 0.2 g. of. the accelerator in ques- 
tion in one of the solvents advised in a test tube, and adds drop 
by drop a benzene solution of the cobalt salt (De Haén) of 
linoleic, oleic, or resinic acid until the color which appears in- 
creases no further. The following colors are obtained: 
Diphenylguanidine violet 
Orthotolylguanidine vermillion 
Hexamethylenetetramine grayish-violet with tinge of green 
Zinc dithiocarbamate (dissolved in benzene- _ bright blue 

acetone or benzene-alcohol 
Zinc orthobutylxanthogenate green 
Captax bluish green 


Vulcacit P (and other addition products of yellowish green 
secondary amines and carbon disulfide) 
Dr. W. L. Haase, Berlin-Dahlem, examined the colors. Com- 
pared with the Ostwald color atlas, they are as follows: 
Diphenylguanidine 
O-tolylguanidine 
Zinc o-butylxanthogenate 
Vulcacit P 
Captax 


The values are based on a layer 1 cm. thick, indirectly lighted 
from below by diffuse light after a maximum depth of color 
was reached. 

The last assumption is confirmed by the experiments of Scholtz 
(Kautschuk, 1927, 101): Some accelerators (such as hexa) in 
the presence of zinc oxide are capable of lowering the melting 


566 


point of sulfur, while others (such as Captax) require the addi- 
tion of oleic acid besides. The latter fact may be explained by 
the fact that in the absence of oleic acid zinc oxide reacts with 
Captax to form a salt; if, however, oleic acid is present, zinc 
oleate may be formed, and the Captax can enter the salt complex 
as a neutral constituent. 


(Reprinted from Transactions of the Suetiinetiios _ eo Industry, Vol. 4, No. 6, pages 526-531, 
pril, 1929. 


Chemical Reactions in Rubber 


Compounds 


I. Reactions between Pine Tar and Litharge 
W. H. Reece 


When the rubber technologist introduces into his stock substances which will 
react chemically, he generally does so in order to produce some advantageous 
modification of the vulcanization process. The published work dealing with 
chemical reactions involved between rubber, sulfur, accelerator, zine oxide, and 
fatty acids is large, but less attention has been given to the study of other chemical 
reactions which may take place in a rubber compound either before or during 
vulcanization and in which the vulcanization process itself plays no part. 

When the vulcanization of a rubber compound is accelerated by litharge, lead 
sulfide is produced. Lead sulfide is one of the end products of a chemical reaction 
or possibly a series of chemical] reactions in which rubber, litharge, sulfur, and the 
fatty acids naturally present in the rubber take part. As vulcanization is acceler- 
ated, it is an example of the type of chemical reaction first mentioned. If, how- 
ever, the sodium salt of a peracid such as sodium perborate be also added, the black 
lead sulfide is oxidized to white lead sulfate and a white product obtained (G. 
Bernstein, French patent 536,733 (1921); see India Rubber J., 64, 261 (1922)). 
This is an example of the second type of chemical reaction, as it is not connected 
with the actual vulcanization process. This paper deals with chemical reactions 
of this latter type which occur in a rubber compound when both litharge and pine 
tar are present together. 

As the composition of pine tar may vary considerably from one sample to another, 
a sufficiently large quantity for the experimental work was selected from a work’s 
delivery. It was a medium grade tar and had a specific gravity of 1.070. 

Pine tar is of an acidic nature and it is, therefore, only to be expected that it will 
react chemically with oxides to form soaps. For example, when an excess of litharge 
is added to pine tar, a considerable amount of heat is liberated and after a short 
time the mixture becomes quite stiff. A hard, brittle mass is finally obtained, 
but unless external heat is applied, the process takes several hours. This brittle 
mass softens considerably when heated but regains its former state on cooling. 
Similar results ate obtained if other basic substances are added to pine tar; the 
reaction with lime, for example, is quite vigorous and the resulting product very 
hard. A somewhat similar change occurs when rosin is hardened for varnish 
manufacture by means of the addition of lime. Zinc oxide or magnesia also react 
with pine tar but the reaction is rather slow and very little stiffening takes place; 
however, it is considered that these latter reactions are probably different from 
those obtained by the addition of either litharge or lime to pine tar. 

That a reaction takes place in a rubber compound when litharge and pine tar 
are present together is shown by the appreciable hardening which occurs shortly 
after litharge is added to a pine tar and rubber mixture. The following plasticity 
determinations illustrate this effect: : 

Mixing 
Rubber—parts by weight 
Pine tar—parts by weight 
Litharge—parts by weight 
Plasticity 


i 
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In these experiments the rubber for both mixings was masticated excessively on 
cold laboratory rollers. The pine tar was then added after thorough mixing, and 
the resultant mass divided into two equal portions. One of the portions was set 
aside to represent mixing A. To the other portion the necessary amount of litharge 
was added as quickly as possible in order to produce mixing B. The plasticity 
determinations were carried out on both samples 24 hours later, the temperature 
of extrusion being 85° C. 

The hardening may also be observed by heating samples of the two rubbers, 
A and B, in an oven. The mixing containing litharge did not appreciably alter its 
shape at 70° C., but the other mixing was rendered sufficiently fluid to spread 
itself over the supporting surface. 

Samples of these mixings were extracted with acetone after heating for 24 hours 
in the oven at 70° C. The results obtained were: mixing A, 15.81%; mixing B, 
9.11%. 

As mixing A contained 13.04 per cent of pine tar, the rubber resin present in 
the extract was 2.77 per cent. This represented 3.19 per cent of the actual rubber. 
If a similar constitution be assumed for mixing B, the extract will be made up of 
2.45 per cent rubber resin and 6.66 per cent of pine tar. Hence, 42.3 per cent of 
the pine tar had combined with the litharge. This calculation does not take into 
account any reaction which occurred between the litharge and the acids present 
in the rubber resins. 

Unless vulcanization in a mould is adopted, mixings in which the two ingredients 
are present often give porous products on account of the water developed during 
the reaction. It is difficult to measure accurately the amount of water evolved, 
but the following experiment was carried out in order to determine whether the 
result agreed approximately with that of experiments described later in -which 
the two ingredients were directly heated together. The compound selected was 
made up as follows: rubber, 200 g.; sulfur, 6 g.; litharge, 30 g.; and pine tar, 30 g. 
All the ingredients, with the exception of the pine tar, were thoroughly dried be- 
fore use. The compound was made on cold laboratory rollers, sheeted out as thinly 
as possible, and then placed immediately in a cylindrical vessel through which a 
stream of dry carbon dioxide was passed. The stream of carbon dioxide removed 
from the rubber any water formed during the vulcanization process. After leaving 
the cylindrical vessel, the carbon dioxide passed through a cooled, weighed U-tube, 
where most of the moisture in the gas was condensed, and subsequently dried by 
passing through weighed calcium chloride tubes. Air was removed from the 
apparatus by means of the current of dry carbon dioxide, and then vulcanization 
was effected by heating the cylindrical vessel in an oil bath heated to 140° C. 
The stream of carbon dioxide was also heated to this temperature before entering 
the vessel in which the vulcanization took place. The amount of water evolved 
was obtained from the increase in weight of the receiving apparatus. The moisture 
(1.31 g.) was slightly in excess of the theoretical result (1.17 g.) calculated from 
experiments made in the absence of rubber, possibly on account of the additional 
reaction between the excess of litharge and the rubber resins. 

Attention was then directed to the reaction between pine tar and litharge in 
the absence of rubber. Measurement of the water evolved appeared to be the most 
simple way of estimating the extent of the reaction, but as pine tar generally 
contains some free water, a suitable method for its estimation had first to he in- 
vestigated. 

Estimation of Free Water in Pine Tar 

As the pine tar boiled at a higher temperature than 100° C., the preliminary 

experiments were carried out by distilling off about 10 per cent of the pine tar and 
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measuring directly the water present in the distillate, which separated into a heavy 
aqueous layer and a lighter layer of oil. Such a method, however, involved heating 
the pine tar to temperatures of 350-400° C. and it was thought that some change 
in the pine tar might take place at this temperature which would make the results 
inaccurate. The experiment was, therefore, repeated after adding petroleum ether 
to reduce the temperature of distillation. The amount of water obtained was very 
much lower than before and thus indicated that probably some reaction had 
taken place at the higher temperature. The method finally adopted was found 
to be a modification of that described in pamphlet D. 95-28 of the American 
Society for Testing Materials. A measured amount of pine tar (about 100 g.) 
was mixed with 100 cc. of petroleum ether and the mixture boiled in a 500-ce. round- 
bottom flask to which a reflux condenser was attached by means of a trap. The 
condensed liquid, consisting of petroleum ether and water, was discharged from 
the condenser into the trap. The lighter petroleum ether overflowed from the 
top of the trap and returned to the flask, while the heavier water sank to the bottom 
of a limb graduated to read in multiples of 0.1 cc. and where its volume could be 
read off directly. 

The petroleum ether used had a boiling point range of 140-180° C. A solvent 
of this initial boiling point was selected in order to carry out the reaction under 
temperature conditions comparable with those of vulcanization. Subsequent 
experiments indicated that this precaution was unnecessary and that the operation 
could be more conveniently performed with a solvent having a lower initial boiling 
point. A solvent, similar to that recommended by the American Society for 
Testing Materials, is probably as good as any. This specification requires a small 
percentage of the solvent to boil just below 100° C. With a solvent of this nature 
it is easier to remove the film of moisture which collects in the condenser tube 
above the point of condensation of the solvent. 

That the refinement of carrying out the experiment at 140° C. was unnecessary 
was shown by a further experiment in which the moisture was estimated by passing 
a stream of dry air through a solution of pine tar in benzene at ordinary temperatures 
and subsequently passing the air through weighed calcium chloride tubes until 
no further increase in weight of the latter was obtained. This took about 24 
hours. The result agreed very closely with that obtained at 140° C. 


Method Water present 


Distillation with petroleum ether at 140° C. 
Estimated at ordinary temperatures 
Direct distillation 


Estimation of Water from the Chemical Reaction 


After the estimation of the free water in the pine tar, the apparatus was cooled 
down to laboratory temperatures and an excess of litharge added to the mixture. 
Refluxing was then continued, heat being supplied by immersing the flask in an 
oil bath. On the completion of the operation, the amount of additional water 
liberated was read off from the graduated limb. The weight of water liberated 
with 100 g. of dry pine tar was 2.5 g. 


Estimation of Lead Soluble in Pine Tar 


The extent of the reaction was also measured by estimating the amount of 
litharge which had reacted with a definite quantity of pine tar. 

The method adopted made use of the fact that freshly prepared lead soaps 
made from resin acids are soluble in many solvents, of which benzene and gasoline 
are examples. When small amounts of gasoline are added to pine tar, the two 


|_| 
y on 
and 
s set 
arge 
icity 
ture 
pers, 
its 
read 
ours 
g B, 
it in 
ber. 
p of 
it. of 
into 
sent 
ents 
ring 
ved, 
the 
hich 
was 
0 g. 
be- 
inly 
tha 
ved 
ring 
ibe, 
| by 
the 1.4 
C. 3.4 
ring 
ved 
jure 
rom 
mal 
> in 
ost 
ally 
in- 
ary 
and 


570 


liquids are completely miscible (except for a small amount of carbonaceous matter 
present in the pine tar). If a larger quantity of gasoline is added, however, a 
small quantity of thick tar is precipitated which adheres to the sides of the con- 
taining vessel. Benzene acts in a similar way but a larger amount can be added 
before the insoluble tar separates. This solvent was therefore selected. Approxi- 
mately 10 g. of pine tar were diluted with 50 cc. of benzene and 10 g. of litharge 
added. This was refluxed on a water bath for 24 hours and then filtered. The 
filtrate was evaporated to dryness in a beaker and, when all the benzene had evapo- 
rated, the remainder of the organic matter was destroyed by boiling with nitric 
acid. Lead was estimated in the residue. From the result obtained for the amount 
of lead soluble in the pine tar, the quantity of water liberated from the reaction 
between litharge and pine tar was calculated on the assumption that the reaction 
was a simple one between the litharge and pine tar acids. The weight of litharge 
which reacted with 100 g. of pine tar was 30.37 g. and the equivalent amount 
of water was thus 2.45 g. Further experiment showed that reduction of the 
litharge to metallic lead took place. 


Resin Acids in Pine Tar 


As the resin acids present in pine tar are volatile, direct estimations were found 
to give very variable results. This method was therefore discarded in favor of 
an indirect method in which the percentage of acids present was obtained by 
difference. Experiment showed that at a temperature of 70° C. the acidic portion 
of pine tar is ten to twenty times more volatile than the neutral components. 

The following method was used for the estimation of the non-acidic components 
or neutral oils present in pine tar. A weighed amount of pine tar was shaken with 
excess of 0.5 N caustic soda solution. The neutral oils were extracted from the 
emulsion by means of methylated ether in which pine tar, with the exception of 
the small amount of solid suspended carbonaceous matter, is completely soluble. 
The ether extract was filtered, the ether removed by distillation, and the residue 
weighed. This represented the neutral oils present in the pine tar. 

The acids were considered to be that fraction not accounted for by neutral oils, 
carbonaceous matter and water. 

With the pine tar selected, the following analysis was obtained: neutral oils, 
50.9 per cent; moisture, 1.4 per cent; carbonaceous matter, 0.8 per cent; acids 
(by difference), 46.9 per cent. The amount of acid agrees as closely as can be 
expected with the amount (42.3 per cent) of pine tar which combined with litharge 
in the rubber mixing mentioned earlier. 


Summary 


The results of the experiments indicate that when litharge and pine tar are 
present in a rubber mixing, a chemical reaction takes place which does not appear 
to differ from that which occurs between litharge and pine tar in the absence of 
rubber. The figures obtained are also in agreement with the assumption that the 
reaction is one in which the acids present in the pine tar react with the litharge 
to form soaps. 

It has been shown that the pine tar contained 46.9 per cent of acids which 
reacted with litharge to produce 2.45 per cent of water. 

The author wishes to thank the laboratory staff of the Leyland & Birmingham 
Rubber Co., Ltd., for assistance in the experimental work, and Mr. R. W. Lunn 
for his interest and advice. 


[Reprinted from Transactions of the Institution of the + in Industry, Vol. 4, No.6, pages 493-498, 
pril, 


Studies in the Oxidation of Rubber 
Mixings 


DuNLOP RUBBER CO., KOBE, JAPAN 


The rubber airbags used for inflation purposes during the vulcanization of motor 
covers gradually change during use, and a hard, brittle material forms inside. 
The bags can, however, be kept in use long after the rubber or, at any rate, the 
inside rubber, is in an entirely perished condition. The ordinary physical testing 
methods used for following the changes in rubber are, therefore, not available 
under conditions where the deterioration is very intense; but the changes can 
he satisfactorily followed by chemical methods. In the present paper are given 
briefly some of the results obtained during extensive studies of rubber submitted 
to prolonged oxidation in a Geer oven at 70° C. 

Experimental—The samples were vulcanized for varying periods, and after 
vulcanizing were sheeted out thin and placed in small beakers in the Geer oven. 
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The progress of oxidation was noted from time to time by measuring the increase 
in weight and by removing and analyzing portions of the samples. In the early 
experiments rubber-sulfur mixings were used for simplicity, but later the work 
was extended to accelerated mixings. In order to obtain a theoretical insight 
into the changes taking place, the rubbers were in some cases extracted with ace- 
tone before oxidation (aging); also the aging of rubber previously extracted with 
first acetone and then chloroform was studied. In some series samples were sub- 
mitted to repeated aging and extraction, that is, after the extraction following 
aging the samples were again returned to the oven. After a further period of 
aging they were again extracted, and so on repeatedly. 

Unextracted Rubber.—Figure 1 shows the course of the aging of three samples 
of differing vulcanization coefficients. It will be seen that the increase in weight 


utter 

con- 

Ided 

rOxi- 

arge 

The 

Apo- W. Cecil Davey 
itric 

tion 

tion 

arge 

unt 
the 

und 

r of 

| by 

tion 

nts. 

ents 

with 

the 

n of 

ible. 

idue 

oils, 

oils, 

cids 

1 be 

arge 

are — 
pear 

e of 

the 

urge 

hich 
2am 

unn 


572 


followed the order of the combined sulfur, and no intersection took place. The 
amount of resinous matter (total acetone-extract less free sulfur) followed the 
order of the combined sulfur in the early stages of aging, but later the least vul- 
canized sample had the highest figure. The curves show that at first the pro- 
duction of acetone-soluble matter was very slow, then quite rapid, and afterwards 
again slow (and a slight decrease might take place). 

Acetone-Extracted Rubber.—Figure 2 shows the course of the changes on aging 
acetone-extracted rubber of differing vulcanization coefficients. The samples 
were the same as those used for Fig. 1. The oxidation took place very rapidly, 
and the formation of the acetone-extractable matter increased to a maximum and 
then decreased to a figure which remained practically constant over a consider- 
able period. In the early stages the most vulcanized sample gave the highest 
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extract, but when the aging was further prolonged the least vulcanized sample 
overtook the others and yielded the highest extract. Hence the higher the vul- 
canization coefficient of the original sample, the lower was the figure reached for 
maximum formation of acetone extract. For the same increase in weight the 
highest vulcanized sample gave the lowest acetone extract. The increase in weight 
always followed the order of the vulcanization coefficients and no intersection of 
the curves occurred. It was subsequently found that if the oxidation was further 
prolonged the amount of acetone-soluble matter again started definitely to increase. 
An example of this is seen in Fig. 3. 

Chloroform-Extracted Rubber—When the rubber before aging was extracted with 
first acetone and then chloroform it oxidized still more rapidly (Fig. 3). The in- 
crease in weight and the amount of acetone-soluble matter was higher throughout 
than that of the corresponding sample extracted with acetone only. After a rapid 


| | 

| 
|| 


The 
the 
vul- 


pro- 
ards 


ping 
ples 
dly, 
and 
der- 
hest 


573 


formation of acetone-extractable matter there was a slowing up, followed later by 
a large increase. 

Samples Repeatedly Aged and Extracted.—A sample repeatedly aged and éxtracted 
with both acetone and chloroform after each stage of aging gave a more oxidized 
final insoluble residue than a corresponding one extracted after each aging period 
with acetone only, e. g., one sample (coefficient of vulcanization, 5.25) extracted 
with acetone only after each aging period gave, after nine agings (and extractions) 
spread over 43 days, an almost black residue containing 19.15 per cent oxygen; 
but, when an extraction with first acetone and then chloroform was made at each 
stage, the black residue contained 25.41 per cent oxygen. In the early stages 
of oxidation the sample with the highest vulcanization coefficient yielded the highest 
acetone extract, but in later stages this order was reversed. 

Further Aging of the Acetone Extracts—The acetone extracts formed on aging 
can be largely converted to an insoluble form on further heating at 70° C. The 
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heating also brings about an increase in weight, the percentage depending on the 
stage of aging from which the sample was obtained, e. g., an extract formed from 
a sample aged three days increased about 7 to 8 per cent on further aging, but one 
from a sample aged about ten days increased from 1 to 11/2 per cent. 

Oxidation of Chloroform-Soluble Matter—Vulcanized rubber always gives a small 
amount of chloroform-soluble matter on extraction; the amount depends on the 
extent of cure, being about 1 per cent with a well-cured rubber. This chloroform 
extract (rubber of a lower degree of polymerization) can itself be oxidized on heat- 
ing at 70° C. An increase in weight of 15-20 per cent was obtainable, and most 
of the resultant oxidized product was insoluble in ordinary solvents. From analy- 
ses it was thought that the oxidation products from ordinary vulcanized rubber 
and from the chloroform-soluble part of it were chemically similar. 

Accelerated Mixings.—Figures 4 and 5 show curves for a mixing containing an 
accelerator. With Cure 1 the sample was slightly undercured, but with Cure 2 
(see figs.) the sample was fully cured. The accelerated mixing oxidized much 
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slower than the rubber-sulfur mixing but eventually caused a higher increase in 


weight. It tended to produce more acetone-soluble matter than the rubber-sul- 
fur mixing. 
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Conclusions.—All the curves show that there are three stages in the oxidation 
of rubber; first, when oxidation is slight and the oxygen absorbed yields acetone- 
soluble matter. Then a stage is reached when the increase in weight is much more 
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rapid than the production of soluble matter; and, finally, a stage when the ace- 
tone-soluble matter tends to increase while the oxygen absorption meanwhile re- 
mains constant. It is concluded that the change of acetone-soluble matter to 
insoluble matter is a reversible one. 

The third stage of aging when depolymerization of the insoluble matter takes 
place is not likely to be reached in practice, e. g., in airbags. The most important 
stage is the second, when the resinous matter polymerizes to insoluble matter, 
this latter material causing brittleness. Hence the longer this stage of aging, 
when oxygen absorption takes place with formation of insoluble matter can be 
delayed, the longer can the rubber airbag be retained in use. 

As a result of the experiments briefly mentioned it is believed that the main out- 
line of the aging of rubber in a Geer oven may be represented on the following basis: 


Vulcanized = Rubber ina = Resinous = Oxidized 
Rubber lower state of matter matter 
polmeriza- (acetone- (insoluble) 
tion (chloro- soluble) 
form-soluble) 
A = B D 


The higher the vulcanization coefficient the greater the tendency for the reaction 
to proceed from A to D and the greater the instability throughout. Extraction 
with acetone increases the tendency to oxidation, and additional extraction with 
chloroform will further increase this tendency. On the other hand, the presence of 
a considerable amount of oxidized matter will tend to prevent further oxidation. 


2 in 
sul- 

tion 
yne- 
lore 


{Reprinted from Transactions of the Industry, Vol. 4, No. 6, pages 499-520, 


Colloid Chemical Changes in Rub- 
ber and Fatty Oils 


¢ 
Laszlo Auer 


In attempting to solve many of the problems in connection with the chemistry 
of rubber and of the fatty oils, it is usually found necessary to employ the main 
principles of colloid chemistry. It is, however, impossible definitely to classify 
rubber, as either lyophobic or lyophilic in nature. Raw rubber, such as pale crepe 
or smoked sheet, is in the presence of organic solvents of lyophilic nature, whereas 
it is entirely lyophobic when dispersed in water. Rubber latex shows an inter- 
mediate behavior between lyophobic and lyophilic systems. After neutralization 
of the electrical charge of the particles, 7. e., at the so-called isoelectric point and 
slightly beyond it, the rubber particles do not flocculate. From this behavior it 
may be imagined that latex is a lyophilic system, but it is found that a compara- 
tively small excess of electrolyte causes complete flocculation of the rubber, 7. e., 
the salting-out of the rubber particles. Freundlich and Hauser (Kolloid Z., 1925, 
Erg. Bd. 36) have shown that the rubber particles in latex are made up of a liquid 
interior and a semi-solid external layer. The protein and resin content of the 
latex are supposed to be present in this external layer of the particles. Von Wei- 
marn (Bull. Chem. Soc. Japan, 3, 157 (1928)) has found that if latex is treated with 
solvents or solutions which are dispergators (dispersing agents) of protein com- 
pounds, and which thus cause a dispersion of the proteins from the external layer 
of the particles, the emulsion of the rubber hydrocarbon, normally lyophobic in 
character, will immediately assume a lyophilic nature and the whole system will 
gelatinize to a solid mass. It seems to be probable that in latex the rubber hydro- 
carbon is in a lyophilic state and that the partly lyophobic nature of latex is due 
to the lyophobic character of the protecting protein layer. Immediately this is 
dispersed, the lyophilic nature of the rubber hydrocarbon becomes evident. Con- 
centrated lithium iodide solution acts as a suitable protein dispergator. As pro- 
teins have partly lyophobic and partly lyophilic nature, it is possible that the 
protein itself forms a gel skeleton containing the rubber hydrocarbon particles 
dispersed in it. In this case the rubber hydrocarbon may be of a lyophobic nature. 
Against this hypothesis is the fact that the gelatinization occurs in the presence 
of protein dispergators and not in the presence of protein coagulators. 

The rubber hydrocarbon in the latex is, to a large extent, in a liquid state, but 
after coagulation by means of electrolytes or air, it isin an apparently solid state. 
Stamberger supposes that the coagulators act on the rubber hydrocarbon in the 
latex as polymerizing agents, but the author prefers to regard the change as an 
aggregation. 

The terminology of aggregation and disaggregation was put forward by Harries 
and Nagel (Ber., 56, 1048 (1923)) from a consideration of the properties of shellac 
resin. This resin is composed of two different solid phases existing in different 
physical states, but having similar chemical constitutions. The two phases form 
a special type of colloidal system termed isocolloidal. Such a system may exist 
either in a solid jelly-like “gel” state or in a liquid “sol” state. The change sol 
to gel, viz., gelatinization, is supposed to be a type of coagulation, which in the 
case of isocolloids may be accompanied by a change in the concentration of the 
disperse phase. Aggregation is also a type of coagulation in which the sol-gel 
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change does not necessarily occur. In other words, a liquid isocolloidal system 
may be aggregated and yet remain liquid and a solid isocolloidal system may also 
be aggregated. In the case of aggregation, the degree of dispersion decreases and 
the particles coalesce to form coarser particles. Aggregated products show small 
chemical activity and solubility, and differ from chemically polymerized products 
in that they may be peptized to an increased degree of dispersion by simple treat- 
ment with dispersing agents; whereas chemical polymers are not depolymerized 
by such treatment. Ordinary shellac resin may be aggregated with ether containing 
hydrochloric acid, and this aggregated product may be peptized with the aid of 
fatty acids of low molecular weight, e. g., formic acid. 

The best examples illustrating the difference between a polymerized product 
and an aggregated product are distyrene and metastyrene. (Stobbe and Posnjak, 
Ann., 371, 259, 287 (1909-10).) Distyrene is formed by treatment of styrene 
with hydrochloric acid at high temperatures, and is a liquid product having the 
properties of a definite chemical compound. It distils unchanged (b. p. 312° C.), 
adds two atoms of bromine giving a bromide with a definite melting point, and 
cannot be separated by physical methods into two or more different phases. It 
is a polymer of styrene. When acted upon by light or heat, however, styrene 
forms solid products having consistencies ranging between jelly-like and glass- 
like. These products, when dissolved in benzene and then precipitated with alco- 
hol, yield a white powdery product called metastyrene, which does not show any 
lowering of melting point or raising of boiling point when dissolved in solvents, 
and has not the properties of a definite chemical compound. In the opinion of 
the author, metastyrene is the most typical example of an aggregated product. 
Metastyrene powder forms the disperse phase in the isocolloidal system of the 
jelly-like solidified styrene, the hardness of which depends on the concentration 
of powdery metastyrene in the system. With increasing concentration of meta- 
styrene the jelly becomes harder and harder, and the melting point increases. 
Stobbe and Posnjak also found that metastyrene with various organic solvents 
forms jellies similar to those which it forms with unchanged liquid styrene, show- 
ing that an isocolloidal system, for instance, stryene-metastyrene, is quite similar 
to a colloidal system benzene-metastyrene. Thus, it is evident that hard, glass- 
like jellies may be built up from and contain liquid components and constitute 
a two-phase system. 

Metastyrene jelly at higher temperatures is similar to rubber at room tempera- 
ture (cf. Staudinger, Ber., 59, 3036 (1926)); Hiinemérder (Kautschuk, 1927, 106). 
The fact that rubber is built up of two different phases of the same hydrocarbon 
has been demonstrated by several workers, especially by Pummerer and collabora- 
tors (Ber., 60, 2148 (1927); and 61, 1583 (1928)), who have been able to separate 
a very pure rubber hydrocarbon into two phases. For convenience these two 
phases will be referred to as a- and 6-rubbers. The so-called a-rubber is ether- 
soluble and shows a lower melting point than the so-called total rubber of Pum- 
merer. (Total rubber is the name for the purified resin- and protein-free rubber 
hydrocarbon.) Pummerer has found 55 to 80 per cent of a-rubber in the total 
rubber and 20 to 45 per cent of 8-rubber, which is insoluble in ether. The raw 
rubber should be considered as a jelly. The -rubber seems to be the gel skeleton 
in the jelly system of rubber, whereas the a-rubber seems to be the dispersion me- 
dium in the jelly. In other words, the -rubber should be a similar product to 
metastyrene, whereas a-rubber should be similar to the liquid styrene. In the 
author’s opinion the 6-rubber seems only to be a more concentrated solution of 
the disperse phase itself. The a-rubber, on the other hand, is more concentrated 
with respect to the dispersion medium of the rubber jelly than 8-rubber, but it 
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is not the dispersion medium itself. Owing to the fact that Pummerer could not | 
find a better separating agent for the rubber jelly than ether, it is probable that by 
this method he only succeeded in concentrating one of the two phases of the jelly 
and not in isolating the pure phase. 

It should be mentioned at this point that the results of the recent X-ray researches 
on the structure of rubker are in agreement with the above two-phase theory of 
the structure of rubber (Bary and Hauser, Kauischuk, 4, 96 (1928)). The X-ray 
diagrams of frozen rubber stow that the §-rubber increases its concentration at 
the expense of the a-rubber. In the case of the stretching of normal rubber, the 
a-rubber particles are squeezed out from the gel skeleton built up by the 8-rubber. 
The 8-rubber seems to form a type of space lattice which can be seen, either when 
the concentration of the 6-rubber is high enough, or through orientation of itself 
during stretching into parallel fibers. The X-ray investigations have also shown 
that the elementary particle of the rubler hydrocarbon is built up by the union 
of eight isoprene molecules, and molecular weight determinations (cf. Pummerer, 
loc. cit.) on the e-rubber have approximately confirmed this fact. Rubber may be 
visualized as being built up of different aggregated forms of such elementary par- 
ticles, but it should be kept clearly in mind that, while the elementary particle 
is a polymerized isoprene product, the elementary particle itself does not poly- 
merize further in the strictly chemical sense of the word. The disaggregating 
action of organic solvents on rubber explains the different molecular weights of 
the same rubber sample in different solvents. These different molecular weights 
show that the various solvents disaggregate the raw rubber to different extents. 

The fact that the coagulating agents aggregate the rubber and that the rubber 
solvents act as disaggregating agents is supported by a recent unpublished obser- 
vation of Stamberger, who found that when organic solvents, 7. e., ether or carbon 
tetrachloride, which act as swelling agents on raw rubber, are added to the latex 
and the water and the solvents are then allowed to evaporate, the remaining rub- 
ber film has not a solid nature as usual, but it is a very sticky, pasty product. After 
a few days the rubber film loses its stickiness and shows the usual appearance of 
rubber film produced from latex by simply evaporating off the water. In the 
author’s opinion, the disaggregating agents in this case retard the aggregation 
caused by the air. 

Changes observed in the case of styrene have been used as analogies, in many 
cases, in studying changes in fatty oils. The chief theory of the drying of fatty 
oils was based, until very recently, on the observation that fatty oils adsorb oxygen 
from the air if they are exposed in thin films. It was supposed that the fatty acids 
of the fatty oils were oxidized during the drying process, and that such oxidized 
fatty oils built up the gel skeleton in the jelly of the dried oil films. It was ob- 
served recently by the author that fatty oils dried in atmospheres of inert gases, 
and that a drying process also occurred in desiccators which were evacuated with 
the aid of a water pump. Further experiments showed that in a very high vacuum 
obtained by means of a mercury vapor pump no drying process took place. The 
experimental data of these investigations were explained by the gos coagulation 
theory of the drying process (Kolloid-7., 40, 334 (1926); Chem. Umschau Fette, 
Ocele, Wachse, Harze, 33, 216 (1926); 35, 9 (1928); Farben-Ztg., 32, 30 (1927)). It 
was supposed that the fatty oils were isocolloidal systems in which the dispersed 
phase and the dispersion medium were formed from the same chemical compounds 
similar to styrene and to rubber. In the isocolloidal fatty oil system the disperse 
phase may increase its concentration at the expense of the dispersion medium in 
four different ways: (1) by the action of ultra-violet and X-rays; (2) by the ac- 
tion of heat; (3) by the action of certain aggregators such as electrolytes, electrolyte 
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solutions, or organic solvents; (4) by the action of gases, for instance, by the ac- 
tion of oxygen. 

To prove the above hypothesis, experiments were carried out to find a reagent 
which would act as coagulator on the isocolloidal system of the fatty oils. It was 
expected that such a coagulator would separate the system into two phases: into 
the coagulated disperse phase and the dispersion medium. Such a coagulator 
for the isocolloidal system of jelly-like styrene in benzene was found in 
alcohol. The author succeeded in finding a similar coagulator for the fatty 
oil systems in formic acid (Kolloid-7., 42, 288 (1927)). If linseed oil is shaken 
with an equal volume of formic acid and allowed to stand the system separates 
into two distinct layers. The top portion is the fatty oil dispersion medium, the 
bottom portion consists of formic acid, and at the boundary of these two distinct 
layers a very slight precipitation of the disperse phase is to be observed. Formic 
acid under these conditions is only a moderately good coagulator, and therefore 
in the case of certain fatty oils the amount of coagulated disperse phase is so small 
as to be barely noticeable. When formic acid is shaken with a boiled linseed oil 
containing cobalt linoleate as dryer, and the liquid allowed to separate, three dis- 
tinct layers can be seen. The middle layer contains precipitated cobalt linoleate 
as well as an amount of dispersed phase of linseed oil. The boiling has increased 
the concentration of the disperse phase and for this reason a larger amount of dis- 
perse phase is obtained in the middle layer. The cobalt linoleate has the action 
of a sensitizer which catalytically assists the increase in concentration of the dis- 
perse phase and also accelerates the flocculation of the disperse phase after the 
formic acid is added. When comparing the drying velocities of the original lin- 
seed oil with those of the boiled linseed oil and of the disperse phase of the linseed 
oil after the formic acid flocculation, it is found that the dispersion medium of the 
boiled linseed oil dries not only slower than the boiled linseed oil, but also much 
slower than the original linseed oil. This shows that the dispersion medium of 
the flocculated boiled linseed oil can dry only after the air has caused the forma- 
tion of a new disperse phase. The separated disperse phase of the boiled linseed 
oil is able to form films not only with the original dispersion medium part of the 
fatty oil, but also with mineral oils and other dispersion mediums which would 
not form a film without the presence of such a gel skeleton. Experiments have been 
carried out with thickened oils, such as blown oils and stand oils, and it was found 
that in all cases the concentration of the disperse phase is enormously increased 
above that of the original oil. When a boiled stand oil is further boiled with the 
addition of driers it can be observed that the drier causes a further increase in the 
concentration of the disperse phase and that it accelerates the flocculation. Similar 
observations were made on so-called uviol-oils which were thickened with the 
aid of ultra-violet rays. 

The formic acid flocculation shows, firstly, that the increased viscosity of thigkened 
oils is due to the increased concentration of the disperse phase; secondly, that 
such concentration increase may be caused equally well by blowing, heating, and 
irradiation with ultra-violet rays; and thirdly, that for the gelatinization of fatty 
oils either in the case of film formation in the drying process or in the jelly for- 
mation during bodying a certain concentration of dispersed phase is necessary. 
This disperse phase acts as gel skeleton in the formation of the jelly. 

Of the many possible ways of increasing the disperse phase concentration, the 
one in which oxygen is the cause of such process is the most interesting. Fatty 
oils as well as rubber and styrene contain unsaturated carbon compounds and 
may add oxygen or ozone either with removal of unsaturation and, or, the forma- . 
tion of smaller molecules. It has been proved in many interesting ways that 
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oxygen decomposes fatty oils giving definite fission products, but there is no proof 
up to date that either in the film formation (of fatty oils), or in the bodying of 
fatty oils, the chemical action of oxygen is essential. In the vacuum desiccators 
in which the author observed a drying process, the oxygen concentration present 
was not enough to form any chemical compound. It was, therefore, supposed 
that gases generally have a coagulating action upon lyophilic colloidal systems 
similar to that of small concentrations of electrolytes upon lyophobic colloidal 
solutions. Just as, in order to coagulate the latter, a minimum concentration 
(threshold value) of coagulating electrolyte is necessary, so a threshold value of 
gas ions is necessary for gas coagulation to occur. Also just as ions of the coagulat- 
ing electrolyte may be adsorbed by the coagulum, so gaseous ions may be adsorbed 
during the gas coagulation of lyophilic systems such as drying oils. Adsorbed 
gases generally are very active, and this may explain why oxidation occurs during 
film formation of linseed oil, for instance, under normal atmospheric conditions. 
In the case of a gas coagulation such a chemical reaction is not absolutely essential, 
but it may accompany the primary reaction. If gases, other than oxygen, act 
as coagulators the action differs from that of oxygen only in degree. 

That gases have a physical action on rubber has not been fully realized. The 
film formation on the latex-air boundary is similar in appearance to that which 
occurs at a protein hydrosol-air boundary. Besides proteins, boiled fatty oils, 
certain metal sols prepared according to Paal, certain dyestuff sols, and also mer- 
cury and amalgams show the phenomenon of film formation at the liquid-gas boun- 
dary. The above products are partly colloidal solutions and partly isocolloidal 
systems. Mercury is one of the isocolloidal systems and the film formation oc- 
curring at the mercury-air boundary was carefully studied by Schiitt (Ann. Physik, 
4, 712 (1904)), who demonstrated the role played by oxygen in this phenomenon. 
He studied the film formation on zinc amalgam under petroleum and under gly- 
erol. He found that at the boundary zinc-amalgam|glycerol no film formation 
occurred, but at the zinc-amalgam|petroleum boundary a film formation occurred 
very readily. Schiitt analyzed the petroleum and glycerol for oxygen and found 
that while glycerol was free, the petroleum contained a large amount of dissolved 
oxygen. He could not find any oxide formation in the film, so it seemed probable 
that the oxygen acted in a physical rather than in a chemical manner. 

The above considerations indicate that the coagulation of latex on exposure 
to air is due to the coagulating action of oxygen on the colloidal system of latex. 
In the preparation of para rubber, the latex is subjected to the action of smoke 
and the gases present in the smoke are one cause of the coagulation and aggrega- 
tion of the latex. The smoking process during the manufacture of smoked sheets 
could be mentioned as a further example of gas action. The rubber jelly has a 
smaller adsorption power towards the coagulating gases than the jelly of the fatty 
oil filmg, hence the comparatively better aging property of rubber compared with 
fatty oil films. 

Rubber may be visualized as a jelly consisting of two physically different phases 
of rubber hydrocarbon. The rubber, according to this theory, has a similar struc- 
ture to gelatin hydrogel. A 5 per cent gelatin hydrogel changes from a solid jelly 
_ into a viscous liquid on mechanical working, e. g., stirring or shaking. The plas- 
ticizing and “killing” effect of mastication is something similar to the effect of 
mechanical working on other jellies. The comparatively high coherence of the 


rubber particles accounts for the powerful mechanical work necessary for the 


breakdown of rubber. 
In the case of an electrolyte, the ions act as coagulators. It is supposed that 
in the gas coagulation process gaseous ions are acting. Liquids generally con- 
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tain small quantities of air in solution. Ultra-violet rays ionize gases, and the 
action of ultra-violet rays on fatty oils may be caused by the ionization of the 
dissolved oxygen. Most of such dissolved gases are given off by the liquids just 
below their boiling points. Fatty oils boil at 300-350° C. Just below this tem- 
perature (at which bodying occurs) gas evolution may be observed. The gas 
particles which bubble out of the liquid may be charged electrically by friction 
against the liquid molecules (ballo-electrical phenomenon), thus causing an altera- 
tion in the colloidal structure of the fatty oil system. 

While carrying out some experiments on the heat bodying of fatty oils in vacuo 
it was found that comparatively large amounts of acids insoluble in petroleum- 
ether were formed, whereas only small amounts of these acids existed before heat- 
ing. The petroleum-ether insoluble fatty acids have been considered to be “oxy 
acids,” but neither hydroxy-, aldehyde-, or keto-groups have definitely been proved 
to be present in these acids. To avoid any possible oxidation by contact with the 
atmosphere the experiments were carried out in distillation flasks fitted with a 
mercury seal. Before heating, the pressure inside the flask was reduced to 50 
mm. mercury. After the heating was stopped, the product was allowed to cool 
in vacuo. In all cases petroleum-ether-insoluble acids varying between 12 and 61 
per cent of the total acids obtained on hydrolysis were found. From the amount 
of petroleum-ether-insoluble acids obtained it was clear that these acids could not 
be formed by oxidation, as oxidation would require a large volume of oxygen. 
Combustions carried out on the acids insoluble in petroleum-ether showed that 
no increase in the oxygen content had occurred. The experiments show that the 
change of the fatty acids from soluble to insoluble is not dependent upon any chemi- 
cal oxidation, and it is probable that the acids insoluble in petroleum-ether of 
heat-bodied oil-jellies differ from those of linoxyn only in the percentage of ad- 
sorbed oxygen. ‘The details of these experiments will be published very shortly. 

Gases have not only a coagulating action on lyophilic isocolloidal systems, but 
they can also act as peptizing agents. Linoxyn may be changed into a liquid 
product by the action of gases. The mastication process of rubber can be explained 
on the basis of the two-phase theory of rubber, but it is very possible that a gas 
peptization assists the mechanical working. In other words, the mechanical 
working itself may cause a gas peptization. The jellies contain adsorbed oxygen 
which may be ionized by friction. Such friction may occur in the case of heating 
when the gases leave the adsorbing medium or by shaking or stirring the system. 
During the peptization of a gelatin hydrogel by shaking, a large number of air 
bubbles are formed throughout the colloidal system. When rubber is masticated, 
the formation of air bubbles may be observed. These, when destroyed, emit a 
loud noise. Fry and Porritt (Trans. Inst. Rubber Ind., 3, 203 (1927)) studied the 
effect of heat on the lowering of the viscosity of raw rubber and found that in a 
high vacuum heat does not cause any lowering of the viscosity, whereas in the 
presence of small quantities of oxygen the viscosity of rubber solutions decreases. 
Fry and Porritt could not observe any lowering of viscosity in the presence of hy- 
drogen , steam or nitrogen, but Pummerer and Pahl (Ber., 60, 2152 (1927)) found 
that the killing of rubber could be effected in an atmosphere of carbon dioxide. 
The author is of the opinion that gases, other than oxygen, may also cause a pep- 
tization, but that the time required for such a process is much longer than in the 
case of oxygen. Fisher and Gray (Ind. Eng. Chem., 18, 414 (1926)) found that 
during the mastication process the iodine-adsorption power of rubber decreases 
slightly, which they think is due to a small oxygen adsorption during this process. 
(Regarding the effect of heat on rubber, cf. Park, Carson, and Sebrell, Ind. Eng. 
Chem., 20, 478 (1928).) 
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As sulfur is very similar in its behavior to oxygen, many attempts have been 
made in the case of both rubber and fatty oils to study vulcanization in comparison 
with oxidation. (Whitby and Chataway, J. Soc. Chem. Ind., 1926, 1157.) Sul- 
fur-bodied and oxygen-bodied fatty oils are very similar. Both of them contain 
petroleum-ether-insoluble acids, and the appearance of the jellies is somewhat 
similar. According to the gas coagulation theory, only a very small amount of 
oxygen is required to bring about colloidal changes. The author has proved the 
same for sulfur, as he has prepared completely vulcanized oils, using only 11/. 
per cent of sulfur. Sulfur acts on the fatty oils during vulcanization in a manner 
similar to the action of oxygen during film formation: firstly, it increases the con- 
centration of the dispersed phase in the fatty oils; and, secondly, it coagulates 
the system containing the increased concentration of disperse phase. It is under- 
stood that, in the case of coagulation, the coagulator may be adsorbed in a second- 
ary reaction by the isocolloidal system of the fatty oil. If the sulfur is present 
in a large enough excess, it is certainly possible that the adsorbed sulfur can subse- 
quently combine chemically with the fatty acids, similarly to the combination of 
atmospheric oxygen during and after film formation. Just as such a chemical 
oxidation of the fatty oils is not essential for the drying process (as they form films 
in vacuo), so also the chemical combination between sulfur and fatty oils is not 
primarily necessary for the vulcanization process. 

The vulcanization can be carried out at various temperatures ranging between 
ordinary room temperature and about 200° C. The concentration of sulfur neces- 
sary for the vulcanization varies also over a large range. This fact clearly shows 
that the vulcanization is something different from an ordinary chemical reaction. 
The difficulty of accepting a purely physical theory of vulcanization lies in the 
fact that nobody has yet succeeded in removing quantitatively the combined sul- 
fur from a vulcanized jelly. The explanation of this fact need not be based upon 
the theory of chemical combination. To remove an adsorbed product from the 
material in which it is adsorbed is not a simple matter. Such removal can be 
carried out generally in two ways. In the first case it is necessary to find a sub- 
stance which is more readily adsorbed by the adsorbing product than the first 
adsorbed matter. In the case of vulcanized rubber or vulcanized oil it would be 
necessary to use a reagent which is more readily adsorbed by the isocolloidal system 
than sulfur, in which case the sulfur could be replaced by the new reagent. The 
second way to remove the sulfur from the adsorbed material is to find a new ad- 
sorbing or dissolving material which has a higher affinity for sulfur than the iso- 
colloidal system of rubber or of fatty oil. In both cases it is essential that the 
new reagent should come into intimate contact with the adsorbed sulfur particles. 
But through the sulfur aggregation the isocolloidal systems lose their solubility 
and chemical activity, and it is obvious that if a highly efficient disaggregating 
agent is not found the new reagents cannot attack the sulfur particles which are 
enclosed in the aggregated particles of the isocolloidal system. Under such con- 
ditions it is not surprising that according to the reclaiming method of Spence (Pear- 
son, “Crude Rubber,” p. 229), by treatment with aniline and aniline-potassium, it is 
possible to reduce the combined sulfur content of a vulcanized soft rubber by only 
90 per cent in one operation, and that of vulcanized hard rubber by only 73 per 
cent. It should be also mentioned that Harries (Ber., 46, 733 (1913)) obtained 
sulfur-free vulcanized rubber by treatment with concentrated hydrochloric acid 
with the formation of rubber hydrochloride. 

It is known that the adsorption power of certain adsorbing systems has a stoichio- 
metrical nature. This fact shows that the maximum limiting value of 32 per cent 
of combined sulfur cannot only be explained by the formation of a sulfur compound 
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of rubber hydrocarbon, but it can also be explained by the adsorption power of 
the rubber becoming saturated at this point. It is not contended that ebonite 
with 32 per cent sulfur content does not contain a chemically combined sulfur- 
rubber compound, but it is considered that the evidence for the chemical nature 
of ebonite-as a sulfur compound is not conclusive. 

Recently Bacon (J. Phys. Chem., 32, 801 (1928)) tried to prove the chemical 
nature of the vulcanization process by showing that simple desulfurization of 
vulcanized rubber could not be effected by various means, but in his experiments 
he did not ensure that his desulfurizing reagents would wet the aggregated parti- 
cles of vuleanized rubber. One of his most interesting experiments is that in which 
he peptized fractionally different rubber samples containing different small amounts 
of combined sulfur. He extracted with benzene the different rubber samples con- 
taining combined sulfur. In each case he stopped the extraction many times, 
removed the saturated extract, and replaced it with fresh solvent. In three such 
benzene fractions, for instance, in the case of a sample containing 0.1 per cent 
combined sulfur he got approximately the same concentration of sulfur, 7. e., ap- 
proximately 0.1 per cent. This fact is difficult to understand on the basis of the 
chemical combination theory, as if a chemical compound were formed with a small 
percentage of the rubber hydrocarbon present, such a vulcanized compound could 
not be soluble in benzene and the different benzene fractions could not contain the 
same sulfur percentage as the original sample. Bacon worked also in the presence 
of accelerators, and he observed that he got a complete vulcanization only in the 
case in which 0.5 per cent sulfur is at least combined with the rubber. This limit 
of 0.5 per cent combined sulfur is also confirmed by other authors, and if, there- 
fore, the sulfur really acts as a coagulator in the vulcanization, the threshold value 
for rubber in the presence of accelerators should be between 0.5 and 1 per cent 
sulfur, of which amount at least 0.5 per cent sulfur must be adsorbed during the 


_ aggregation process. 


Recently Fisher and Gray (Ind. Eng. Chem., 20, 294 (1928)) studied the vulcaniza- 
tion of rubber with polynitro compounds and benzoyl peroxide, and concluded 
from their results that ordinary vulcanization is an unknown change in the rubber 
hydrocarbon involving no change in unsaturation, and that the chemical union 
of sulfur is a secondary reaction producing a further change, which is a change of 
degree only and not of kind. 

According to the present state of experimental investigations regarding the 
vulcanizing of rubber, only two theories of vulcanization can be regarded as at all 
satisfactory. The coagulation or aggregation theory, in which the sulfur plays the 
role of an aggregator and coagulator, has already been described. The second 
theory is that which has recently been strongly supported by Stevens (/. Soc. 
Chem. Ind., 1928, 377), and according to which the sulfur forms in all cases a definite 
chemical compound containing 32 per cent of sulfur. In the case in which 0.5 
per cent sulfur is found to be combined with the rubber 1!/2 per cent would be the 
amount of such sulfur-rubber compound formed, which would build the gel skele- 
ton of the vulcanized rubber jelly. As gelatin solutions with very low concen- 
trations may gelatinize to a jelly, in principle this theory may be accepted, but 
there are data which seem to be partly in contradiction to it, for instance, the above 
experiments of fractional peptization carried out by Bacon. As the rubber-sul- 
fur compound is insoluble in benzene, the observation that different fractions 
show similar sulfur content could hardly be explained. The action of accelerators 
is also one which is difficult to explain according to the above theory. There are 
many known cases in colloid chemistry in which small amounts of certain sensi- 
tizers make possible reactions which could not be carried out without them under 
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similar conditions. The author considers the action of the accelerator as that 
of a sensitizer of the coagulator. As these sensitizers remain in the system they 
may show a specific action and have some influence on the physical properties of 
the vulcanized rubber jelly. 

Twiss (J. Soc. Chem. Ind., 44, 1067 (1925)) is of the opinion that the action of 
carbon black on rubber mixes is a similar one to that of sulfur. If a satisfactory 
amount of carbon black is mixed into rubber, the mix, which was plastic on the 
mill, aggregates during storing in the air to a product which is similar in many 
ways to vulcanized rubber. It has also been observed that when such carbon 
black mixes after storage are built up and cured in layers in the press they do not 
vuleanize to one single piece of rubber, but each layer vulcanizes separately, a 
thin film formed over the surface of each individual layer during storage having 
prevented the formation of a compact mass. This phenomenon is also caused 
by gas coagulation. Modern carbon blacks do not contain occluded gas in sufficient 
amount to be harmful during the vulcanization, but investigations of Neal and 
Perrott (“Carbon Black: Its Manufacture, Properties, and Uses,” U.S. Bureau 
of Mines Bulletin, 1922, No. 192) show that they contain 2 to 7 per cent moisture 
and 5 to 13 per cent volatile matter, including air, carbon dioxide, and carbon mon- 
oxide. The carbon black particles on the rubber-air boundary may also adsorb 
from the air small amounts of oxygen, and it is very probable that this adsorbed 
gas is the cause of the skin formation and also for the loss in plasticity of such mixes. 

A similar phenomenon to the above-mentioned skin formation in the absence 
of carbon black was found by Defries and Naunton (Trans. Inst. Rubber Ind., 4, 
298 (1928)) to be caused by ultra-violet ray irradiation. This phenomenon is 
very probably caused by the coagulating action of the air particles which have 
been ionized by the ultra-violet rays. 

The two-phase theory of isocolloidal systems has recently been applied with 
considerable success to the production of new products. If a weak gelatin hydrosol 
is divided into three parts and to one is added a small percentage of sodium sulfate, 
to the second a small percentage of potassium chloride and the third is kept for 
comparison purposes, it is observed that the sodium sulfate increases the rate of 
gelatinization of the system as well as the melting point of the jelly formed, as it 
has a solidifying action. Potassium chloride retards the gelatinization, lowers 
the melting point of the jelly formed, and shows, therefore, a liquefying action. 
It has been found by the author (Kolloid-Z., 47, 38 (1929)) that if suitable different 
electrolytes are dissolved in fatty oils with the aid of heat, the gelatinization ve- 
locity may be increased or decreased. In the case of fatty oils, the measurement 
of gelatinization velocity is very difficult, and the simplest way is to follow the 
change in the melting points of the reaction products. It was observed that sodium 
sulfate, which had a solidifying action on gelatin-water jelly, showed also a solidify- 
ing effect on the oils. Potassium chloride, on the contrary, had a liquefying ac- 
tion on gelatin-water jelly, and also liquefied the isocolloidal systems of the oils. 

As during the heating process, which is used for dissolving the electrolytes, the 
raw oil thickens without the presence of any additional material to a thick stand 
oil, the so-called liquefied products are actually thicker than the original starting 
material, but the liquefaction can be easily observed if the product is compared 
with a stand oil obtained by heating under similar conditions in the absence of any 
electrolyte. The anions as well as the cations have a distinct role in the process. 
The role of the cations seems, however, to be slightly more important. Compar- 
ing the actions of chemically equivalent amounts of different electrolytes having 
the same anion products with different viscosities result. If the products are 
arranged in order of their viscosity, the order of the cations is practically the same 
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as that observed in many other similar tables arranged according to observations 
on other phenomena of colloid chemistry. 


TABLE I 
LYOTROPE CATION SERIES 
Different carbonates in quantities chemically equivalent to 3 per cent sodium sulfate 
were dissolved in linseed oil and the viscosities of the products compared by means of an 
Engler viscosimeter at 145° C. 
The viscosities are expressed as the times taken for 50 cc. of the oil products to flow 
through the viscosimeter. 


Li 22’ 28” > Na 10'45”" > K 9/35” > NH, 4’ 35’ 
Al 18’ 51” > Be 16°37" => Ca 14°30" > 7°35" > 
Fe 55” > 6'35" 

50 cc. raw linseed oil under the same conditions—0’ 16”. 


If, on the other hand, chemically equivalent amounts of different electrolytes 
having the same cation are dissolved similar anion series are obtained to those 
observed in other similar investigations of colloid chemistry. 


TABLE II 
LyYoTROPE ANION SERIES 


Conditions as described for Table I, except that in this case the cation is always 
sodium and the anion is variable. 
(COO).” 18’ 27” > 17’ 35” > SO;” 14’ 50” > HCO,’ «> 
10’ 45” > SO,” 55” > NO,’ 9’ 40” > BrO,’ 9’ 25" > 
8’ 52” > B,O,” 8’ 36” >NO,’ 7’ 4” > CH;COO’ 6’ 45" > 
5’ 45” > Br’ 5’ 25” >S.0,” 4/50” >I’ 4' 45" > 
4°40" >CN’ 3'30">CNS’ 2’ 51’ 


Thus the nature of the chosen electrolyte is one of the most important factors 
of the reaction. Further factors influencing the reaction are: the concentration 
of dissolved electrolyte in the final product, the duration of heating, and the state 
and kind of the gases present in the reaction chamber. It has been found, for 
instance, that in vacuo the results obtained differ from those obtained at ordinary 
atmospheric pressure, and that under increased pressure different results are again 
obtained. After reaching a certain maximum the solidifying action changes into 
a liquefaction process and the viscosity decreases. This action seems to be caused 
by the gases present in the reaction chamber, and with a further slight addition 
of electrolyte the liquefaction process can be again changed into a solidification 
process. The viscosity changes are very probably due to changes in the electrical 
structure of the material. 

Oils solidified by the aid of electrolytes may show viscosities varying between 
that of vaseline and that of common resin. Also products similar to raw rubber 
can be obtained by this process. If the applicability of different fatty oils for this 
process is studied it is found that the different oils give under the same reaction 
conditions different results. Comparing, for instance, the viscosity of solidified 
oils containing 5 per cent of sodium bicarbonate the following series in order of 
decreasing viscosity is obtained: China wood oil > castor oil > linseed oil > rape 
oil > fish oil > sunflower oil > olive oil. 

The capacity of the different oils for solidification is of a varying degree, but 
if modifying reagents are suitably chosen there may be obtained from any oil, 
products similar to those which are obtained from a specified oil using a 
given electrolyte. This means that a product having certain definite proper- 
ties can be obtained not only from one particular oil, but from any fatty 
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oil provided the reaction conditions and reagents used are modified to suit the 
particular oil in question. 

It was found that linseed oil could be brought into a form similar to ordinary 
resin, and for this reason it was supposed that resins must also be jelly-like prod- 
ucts which could be treated by the above process. As the resins are fairly hard 
products their further solidification is not of interest. Some experiments on the 
liquefaction of resins have been carried out with satisfactory results. To avoid 
misunderstanding it is necessary to point out that the liquefaction was not carried 
out in the way of a destructive distillation, but only by simple fusion in vacuo with 
an electrolyte. During the fusion the electrolyte dissolves in the resin and so 
causes liquefaction. Such a liquefied resin has properties similar to thickened 
fatty oils; thus, whereas resin alone is brittle in thin films, the liquefied resin forms 
an oil-like film. The film formation of such a liquefied resin is quite similar to 
that of a drying oil. The above experiment is an example showing that the physical 
properties of isocolloidal systems can be modified without profound change in their 
chemical nature. It shows also that products with quite different chemical con- 
stitutions can be brought into physically similar states. 

Experiments have also been carried out to prove the physical nature of the 
solidifying process of fatty oils and to investigate whether any complex forma- 
tion occurs during the process. A fatty oil, for instance linseed oil, yields on treat- 
ment with 10 per cent crystalline sodium sulfide a solid product. If this solidified 
oil jelly is extracted in a Soxhlet apparatus with water an aqueous emulsion is 
obtained. On acidification the emulsion is coagulated and the fatty oil separates 
on the surface. After taking up the fatty oil with ether, washing the ether solution 
free from mineral acid, and distilling off the ether in vacuo the dried residue has a 
similar appearance to an oil which has been heated in the absence of reagents under 
the same conditions as those used in the preparation of the solidified oil. This 
shows that the action of the sodium sulfide is a physical one and that its presence 
in the jelly is essential for the jelly structure. If the sodium sulfide had only a 
catalytic action, after washing out the reagent from the jelly, the latter should 
remain unaltered. The action of the electrolytes on the oil systems is similar to 
the action of small amounts of molybdenum, vanadium, chromium, and nickel 
in special steel alloys. The electrolytes are adsorbed by the micellas of the fatty 
oils, and it has been observed that, for instance, if the washing out of sodium sulfide 
from the above sample is attempted by simply boiling up the sample with water 
the oily mass cannot be obtained ash-free. The difficulties met with in attempt- 
ing to wash out electrolytes from the oil products are similar to those met with 
when attempts are made to remove sulfur from a vulcanized product. In the 
case of sodium sulfide, the use of a Soxhlet apparatus ensures success. This suc- 
cess is due to two factors: firstly, the oil product readily emulsified when treated 
in the Soxhlet apparatus with hot water; and, secondly, the electrolyte (sodium 
sulfide) is very readily soluble in water. 

It has been pointed out that linoxyn, vulcanized fatty oil (factice or rubber 
substitute) and vulcanized rubber are from a colloid chemical point of view very 
similar products. They are all non-thermoplastic products. They are not soluble 
in organic solvents, but swell readily. Ordinary rubber is, on the contrary, a 
thermoplastic product which becomes softer under the action of heat, and when 
masticated is soluble in some organic solvents. When rubber is heated in vacuo 
for a long time at about 250° C. it melts to a viscous liquid, which on cooling does 
not return to its original state. During the whole process the loss in weight is 
less than 1 per cent and no appreciable chemical decomposition takes place; the 
rubber probably undergoes a physical disaggregation. Such disaggregated rubber is 
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similar to viscous heat-bodied stand oils. Experiments were carried out to vulcanize 
such heat disaggregated rubber under similar conditions to those under which 
stand oils are vulcanized, and the similarity in appearance of both products is re- 
markable. Disaggregated rubber and vulcanized rubber have both corresponding 
types in fatty oil products. Up to now only raw rubber has had no analog in fatty 
oil products. The new solidified oil products containing electrolytes may be con- 
sidered to be the result of the first attempts to get oil products similar to raw rub- 
ber. Many of the physical properties and also the appearances of such solidified 
oils have a distinct similarity to those of raw rubber, especially their swelling proper- 
ties and behavior toward organic solvents. The only distinct difference between 
these solidified oils and rubber is that in spite of the fact that both are thermo- 
plastic the molten solidified oils return to their original state after cooling, whereas 
rubber largely loses its remarkable structure when melted. Besides the swelling 
experiments, some practical experiments in rubber mixes show that the solidified 
oil products, in the vulcanized form, have much more rubber-like properties than 
any other known oil product. 

New types of rubber substitutes have been prepared by vulcanization of such 
solidified oils, and Tables III and IV show tensile results and elongations of rubber 
mixes containing such vulcanized solidified oils compared with mixes containing 
ordinary vulcanized oils, 7. e., rubber substitute. 


TABLE III 
PROPERTIES OF THE FouR TYPES OF VULCANIZED SOLIDIFIED OILS IN A ZINC OxIDE M1Ix 


Standard Mix.—Smoked sheet rubber, 50 parts; pale crepe rubber, 50 parts; 
sulfur, 7 parts; zinc oxide, 15 parts; triphenylguanidine, 1 part; vulcanized solidified 
oil, 50 parts. Cured at 40 lbs. steam pressure. 


Standard Mix without 
Substitute Dark Substitute sie 


Breaking Load Elong. Breaking Load Elong. Breaking Load. 
Kg./  Lbs./ at Kg./ Lbs./ at Kg./ 

Cure Sq. ‘on. Sq. Break Cure Sq. Cm. Sq. In. Cure 

35’ 51.8 720 35’ 134.9 

159.1 2259 815 465’ 72.9 1035 45’ 157.1 

521/.’ 99.4 1411 52'/2’ 166.2 

182.7 2594 765 P 87.5 1243 60’ 177.6 

65’ 181.6 

172.0 2442 815 134.0 1903 75! 175.6 


9117 1925 2935 
Breaking Load Elong. Breaking Load . Breaking oy 
Kg./ Lbs./ at Kg./ = Lbs./ Kg./ bs./ 
Sq. Cm. Sq. In. Break . . Sq. In. Cure Sq. Em. Sq. i. 
2854 940 .4 2646 
2854 873 .6 2735 25’ 106.9 1518 
2914 836 
2887 826 .2 2843 35’ 150.5 2137 
2941 830 5 .8 2738 45’ 171.5 2485 
.2 2700 173.3 2460 
60! -8 2497 760 60 .5 2506 60’ 175.6 2494 773 
75’ 183.9 2611 810 


The Nos. 9212, 9117, 1925, and 2935 indicate various types of vulcanized solidified 
oil products. 


The vulcanized solidified oils form excellent compounding ingredients; for ex- 
ample, if they are mixed into batches of rubber, in the relationship of 100 parts 
of rubber to 50 parts vulcanized solidified oil the products show equal or higher 
tensile results than corresponding mixes in which the 100 parts of rubber were 
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not diluted with any oil product. Ordinary vulcanized oil products, on the con- 
trary, considerably decrease the tensile strengths of rubber batches when used in 


corresponding proportions. 


TABLE IV 


PROPERTIES OF THE FouR TYPES OF VULCANIZED SOLIDIFIED OILS IN AN INNER TUBE 


Inner Tube Mix.—Rubber, 100 parts; 


MIx 


zinc oxide, 5 parts; barytes, 20 parts; 


diorthotolylguanidine, 0.5 part; sulfur, 2.5 parts; antimony sulfide, 10 parts; vulcanized 


solidified oil, 50 parts. 


Standard Mix without 
Substitute 


Breaking Load 
Kg./ Lbs./ 
Sq. Cm. Sq. 


209.8 2980 
216.4 3073 


9117 


Cured at 40 lbs. steam pressure. 


Dark Substitute 


wines. 
Kg./ bs./ 


Sq. Cm. se In. Break 


60.9 865 773 
71.8 1020 810 


89.7 1274 813 


1925 


9212 
Breaking ow) Elong. 
4 bs./ 
. Cm. se In. 
153.1 2174 
168.3 2390 
166.1 2359 


2935 


Bombing Load Elong. 

Kg./ Lbs./ at 
Sq. a .In. Break Cure 
162.6 2309 836 35’ 


Breaking Load 
Kg./ Lbs./ 
Sq. Cm. Sq. In. 


166.3 2361 


Breaking peed Elong. 
Kg./ 


35’ 123.4 1752 907 35’ 
45’ 134.0 1903 840 465’ 176.2 2502 823 465’ 166.3 2361 
55’ 172.4 2447 887 55’ 158.8 2256 803 55’ 155.1 2203 

The Nos. 9212, 9117, 1925 and 2935, indicate various types of vulcanized solidified 
oil products. 


The jelly system of a solidified fatty oil can be further aggregated. Sulfur 
aggregates solidified fatty oils in a similar way to that in which it aggregates rubber 


or raw fatty oils. As the solidifying process is to be considered as a partial aggre- 
gation it is obvious that the solidified oils would require much less sulfur for their 
vulcanization than the raw oil. When used as a raw material for varnishes the 
same should hold good in the behavior toward oxygen. This accounts for a varnish 
prepared from a solidified oil drying much quicker than a corresponding raw oil 
varnish, and for the same reason a solidified oil dried under the same atmospheric 
conditions adsorbs much less oxygen than the corresponding raw oil. The small 
adsorption power toward oxygen is the chief reason for the excellent aging proper- 
ties of solidified oils. Such good aging properties can be observed in varnishes 
as well as in rubber mixes. If compounded in the proper way some of the vulcan- 
ized solidified oil products act as antioxidants on the rubber. 

As the electrolyte treatment of fatty oils and of resins gave interesting results, 
it was decided to try the method with some other isocolloidal systems, especially 
with raw rubber itself, and it was found that the rubber jelly might also be in- 
fluenced by the addition of electrolytes. The most important item was to dis- 
cover the correct method of producing a dissolution of the electrolyte in the rubber. 
One of the most useful methods is to mill the electrolytes into the rubber and subse- 
quently heat the mix. The products obtained are very similar to the gutta-percha- 
like, balata-like, and shellac-like thermoplastic rubber-conversion products of 
Fisher and the B. F. Goodrich Co. The electrolyte treatment of rubber was carried 
out by the author as a logical continuation of the above investigations and con- 
siderably before the first publication by Fisher and his collaborators appeared, 
and as the products he describes are similar to some obtained by the author, it 
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may be of interest to discuss his publications from a colloid chemical standpoint 
(Ind. & Eng. Chem., 19, 13825 (1927)). 

Fisher observed that when rubber was heated with sulfuric acid, chlorosulfonic 
acid, and organic derivatives of these acids, it changed into a tougher thermo- 
plastic product which was, according to the reaction conditions, either gutta- 
percha-like, balata-like, or shellac-like. He considered his process to be an isomeri- 
zation process of the rubber hydrocarbon and overlooked the fact that his products 
were poly-disperse systems in which the presence of the reagent or of the decompo- 
sition products of the reagent was as necessary as the presence of chromium and 
nickel in a chrome-nickel steel to give the modified properties. Fisher used, in 
most cases, a very large excess of reagent, so that, in addition to a certain adsorbed 
portion, an unnecessary excess of reagent remained. That this excess of reagent 
can be washed out without destroying the modifying action of the adsorbed por- 
tion does not prove that the reagent acts catalytically. The reaction is very similar 
to vulcanization in the absence of accelerators, in which case the sulfur not ad- 
sorbed (7. e., free sulfur) can be removed by acetone extraction without disturbing 
the properties of the vulcanizate. 

Fisher’s reagents act on rubber similarly to electrolytes on fatty oils. In both 
cases during the process the amount of dispersed phase is increased. He proved 
the presence of a large amount of such disperse phase by dissolving the solidified 
rubber products in rubber solvents and precipitating with acetone a white powdery 
material. The percentage composition of the latter was identical with that of 
the pure rubber. The precipitated, powdery rubber hydrocarbon is very probably 
the real gel skeleton of the rubber jelly, just as metastyrene forms the gel skeleton 
of the isocolloidal system: styrene-metastyrene. 

Both in the case of solidified oils and of rubber treated according to Fisher’s 
method, the aggregative action of the reagent is a comparatively limited one, 
‘te @., the aggregation with the reagents used cannot go as far as with the aid of 
gases (for instance, oxygen), or with the aid of sulfur. The products are tougher 
than the starting material, but they do not lose their solubility in organic solvents. 
For this reason both the thermoplastic products of Fisher and the solidified oils 
may be further aggregated with the aid of sulfur, oxygen, and other gases, and the 
partial preaggregation accounts for the smaller concentration of sulfur or oxygen 
necessary to complete the aggregation. 

The behavior of the thermoprene products toward organic solvents, 7%. ¢., their 
improved solubility, is similar to the property of the oil, solidified by means of 
sodium sulfide, of being very easily emulsified in water. Such a property is very 
probably not caused by a lower degree of aggregation of the jelly, but by the higher 
affinity of the adsorbed reagent for the solvent than for the jelly in which it is 
adsorbed. It is, however, also theoretically possible that the solvents may be 
disaggregating agents in such cases, and further investigations in this direction 
are required 

In Table V is summarized the principal points mentioned in the text. 

In conclusion, the author desires to express his thanks to Messrs. The British 
Dyestuffs Corporation, Ltd., in whose Rubber Service Laboratories the develop- 
ment of this work was carried out, and for permission to publish this paper. 


[Reprinted from Nature, Vol. 124, No. 3114, page 13, July 6, 1929. ] 


The Swelling of Rubber 


P. Stamberger and C. M. Blow 


UNIVERSITY COLLEGE, LONDON 


Some recent experiments on the diminution of the vapor pressure of solvents 
in rubber jellies, as well as measurements of swelling pressure, allow us to draw 
some conclusions as to the nature of the swelling phenomenon. 

It has been found that, at the same concentration of rubber, the vapor pressure 
of rubber jellies from rubber of different origin was the same, and the previous 
mechanical working (mastication) of rubber had also no effect on this value (cf. 
Stamberger, Rec. trav. chim., 47, 316 (1928)). After the mechanical working, 
however, it swells in-an unlimited manner, and gives as a resulting product up to a 
concentration of 30 per cent a more or less viscous liquid. This behavior shows that 
the solvent is not bound by surface adsorption and that there is a great resemblance 
to the process of molecular disperse solution. The three solvents used for these 
determinations were carbon disulfide, chloroform, and benzene. The same relative 
vapor pressure diminution was found when the concentration has been calculated 
as grams of rubber in 1 gram-molecule of solvent. 

The shape of the curve in which the relative vapor pressure was plotted against 
the concentration differs from that expected according to Raoult’s laws. The 
curves bend rapidly at a concentration of 20 to 30 per cent toward the vapor 
pressure axis. Although some resemblance to the ordinary process of solution 
was found, this behavior suggests a process of a more complicated nature. But 
the affinity of the solvent for the rubber can only be due to molecular forces. 

Although no difference has been found between the vapor pressure of the “liquid” 
jelly of masticated rubber and the solid elastic jelly of untreated rubber, the swelling 
pressure of both showed big differences. 

The liquid masticated rubber jelly had a swelling pressure of 35 cm. of mercury 
at a concentration of 0.4 gram of rubber in 1 ce. of solvent (toluene); the unmasti- 
cated rubber jelly had the same swelling pressure at a much lower concentration, 
0.11 gram per ce. 

This value shows that the swelling of a structureless (masticated) rubber differs 
greatly from the swelling of a rubber having a definite structure, although both 
show the same vapor pressure diminution. For this reason it is not possible to 
calculate the swelling pressure from the vapor pressure diminution on a simple 
thermodynamic basis. 

This behavior shows that the forces which cause the imbibition of solvent 
by the jelly are not of a uniform nature, and the “structure factor” has an in- 
fluence when the solvent is present in a liquid form (cf. Stamberger, loc. cit.). 

Particulars of this investigation will be published shortly. 
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[Reprinted from Industrial and Engineering Chemistry, 
Vol. 21, No. 8, page 770. August, 1929.] 


Meaning and Measure- 
ment of Plasticity’ 


E. Karrer 


Tue B. F. Gooprich Company, AKRON, OHIO 


LTHOUGH the word “plasticity” is widely used in 
the arts and sciences, it has no definite quantitative 
meaning (6, 7), yet the plastic properties of matter are 

of enormous importance in many industries. As scientific 
study of materials has increased, it has become more and 
more desirable to attain to a clearer idea of what is involved 
in this concept, to the end that plasticity may ultimately 
be quantitatively defined and measured. 

The emergence-of_the word from common usage into the 
realm of technical words with well-defined meaning for quan- 
titative considerations has been accompanied by considerable 
difficulty and confusion. Plasticity does closely relate to 
other properties of materials and the phenomena wherein 
plasticity may be an important factor are so varied that the 
role it plays may be overshadowed by and confused with the 
interplay of elastic and hardness phenomena on the one hand, 
and permanent set and viscous flow on the other. Refer- 
ence to a few comments found in the literature will convince 
anyone of this. Van Rossem and Van der Meyden (14) have 
pointed out that plasticity involves more than deformation— 
that the amount of recovery is an essential element. Some 
seem to indicate that plasticity is synonymous with softness 
(11), or permanent set (/4). Frequently the flow involved 
in the deformation is the all-engaging aspect and considerable 
confusion with viscosity has resulted (1, 2, 1/6). Inverse 
flow, or recovery, or “revertibility” is also to be considered. 
Loose and contradictory usage of the term exists in the rub- 
ber industry (/2, 14, 15). A few attempt to use the term 
with the usual common-sensical meaning (6, 8). 

It does not help matters much to call plastic strain or plas- 


1 Presented before the Division of Rubber Chemistry at the 76th 
Meeting of the American Chemical Society, Swampscott, Mass., September 
10 to 14, 1928. 
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tic flow one of the three types of strains which are referred 
to as elastic, plastic, and pseudo-elastic (3). When the ele- 
ment of time is considered, all three of these classes merge 
into one another, since in the first there is quick and com- 
plete recovery, in the second no recovery, in the last slow 
recovery. The amount of deformation effected by a given 
force per unit area may have any value. The retention of 
the deformation may take place to any extent. Recovery 
may occur from perfectly complete to none; and from in- 
stantaneous to grossly and indefinitely slow. Whenever 
any property of matter, such as plasticity, that involves 
any of these factors is to be defined and measured, the quan- 
titative definitions, the units, and the methods of measure- 
ment must allow for a gradation of the property from prac- 
tically nil to an indefinitely great amount. Therefore, bound- 
aries such as these for classification are difficult to set up 
and must remain diffuse. When a substance lies within the 
diffuse boundary region, as rubber does, it becomes of para- 
mount importance to analyze clearly definitions and concepts. 
Within such regions and with such substances are to be 
found the severest tests for quantitative definitions and 
methods of measurement. 

It is desirable to consider plasticity as an integral property 
of material and to base the quantitative definition and units 
and methods of measurement upon the integrated aspect 
of the phenomena involved in this property just as is done 
in practice in respect to viscosity and many other complex 
properties of materials. ‘ It is purposed to attempt this for 
plasticity if for no other reason than that it is extremely de- 
sirable to come to a clear and universal understanding re* 
garding the definitions of certain mechanical properties of 
materials such as plasticity, softness, hardness, and permanent 
set, so that the concepts may become more serviceable and 
such properties be better controlled in the arts and industries. 


Preliminary Definition 


As an introductory and general definition more suited to 
the present purpose may be given this: Plasticity is the sus- 
ceptibility to and the retentivity of deformation. The first 
aspect of plasticity refers to softness, the second to perma- 
nent set. 

Plasticity by historical connotation refers somehow to the 
characteristics of matter that have to do with the receiving 
and the holding of form. In practice one must distinguish 
between two substances which, although equally soft and 
yielding with equal ease to the molding pressure, yet differ 
in the fidelity with which they hold shape when taken out 
of the mold. One may retain the mold contour accurately 
and permanently. The other may, within some interval of 
time, more or less prolonged, resume to a considerable ex- 
tent its original or some other shape, determined by surface 
tension and other forces, quite unlike that which was im- 


594 


pressed upon it. The first is said to mold better—that is, 
to be more plastic than the second. The question is then— 
When any quantitative definition of plasticity.is tentatively 
set up, how much should a substance be penalized in its 
degree of plasticity by virtue of the fact that, although it 
is not more stubborn in taking a new shape, it shows more 
variability and fickleness in holding it? 

Degree of plasticity may be tested by means of sensations 
directly. One may judge the plasticity of a pellet of sculp- 
tor’s clay or other plastic somewhat as follows: The pellet is 
held between the tips of the thumb and the forefinger and 
made to undergo some change of shape by pressure with the 
fingers. The force necessary to make any slight deforma- 
tion is judged by the muscular effort in the fingers. The 
amount of deformation retained is judged by releasing the 
pressure at the finger-tips and observing whether or not the 
new shape is stable. If the deformation is given up, the 
actual sensation will tell that the displaced surfaces are 
following the retraction of the fingers. If a slight muscular 
effort was required to deform the pellet and if the deforma- 
tion is retained by the pellet, then the pellet is said to be 
very plastic. The two aspects, ease of deformation and re- 
tention of form, are both felt. A substance is very plastic 
when it is easily deformed and when it retains the whole 
of the deformation given. No definition of and no mensural 


method for plasticity can be in contradiction with these facts. 
Definition of Unit Plasticity 


. As a first suggestion of quantitative definition, the follow- 
ing is given: A substance has unit plasticity that deforms a definite 
amount under some standard conditions when a force of 1 kg. 
per sq. cm. acts upon it for 1 second, and the whole of this def- 
ormation is permanently retained. In this definition it is 
recognized that in measuring plasticity account must be 
taken of (1) magnitude of forces acting to give the deforma- 
tion, (2) the amount of deformation retained, (3) the time 
during which the forces act (and time during which retention 
is desirable), (4) the conditions chosen as standard. The 
name “pla” is suggested for this unit. 


Plasticity Measurement with New Plastometer 


The definition of unit plasticity, with its various essential 
elements just enumerated, suggests more than one method 
of measurement. None of these need to be discussed for 
the present except that which concerns the new plastometer 
whose parts are described in detail in another paper (9), 
but whose operation, in a general way, will now be considered. 
For it the time factor is constant, the force is allowed to 
vary within certain limits, the deformation is variable within 
certain limits, and other conditions are kept constant. 

The sample of the substances whose plasticity is tobe 
measured is cut in the form of a small cylinder 1 em. (0.394 
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inch) long and 1 cm. in diameter. This sample is placed 
between two jaws or fingers of the same diameters as the sam- 
ple, the upper of which is movable vertically. A spring is 
then released which through a plunger causes the upper 
jaw to move downwards and impart to the sample a defor- 
mation (a change in height) depending upon its softness. 
The amount of this motion downwards is indicated on a 
dial, and is a measure of the force exerted by the spring in 
causing it. After this deformation has been produced, the 
force of the spring is suddenly removed. If the sample is 
very plastic according to the definition above, most of the 
deformation will be retained; if the sample has little plas- 
ticity and is quite elastic it will recover in short order and 
will retain little of this deformation. To measure the amount 
of this deformation that has been retained, a piston rests 
lightly upon the upper surface of the sample and remains 
in contact with it continuously, so that when the deform- 
ing force is suddenly released the amount of recovery is con- 
tinuously indicated on a dial and may be read after 5 seconds. 

This apparatus gives the magnitude of the force acting 
for a definite time, the amount of the deformation, and the 
portion of this deformation which is retained up to a definite 
time. It has thereby complied with all requirements of the 
quantitative definition for plasticity. 

The force which the spring exerts during the deformation 
is related, inversely, to softness; i. e., the greater the force 
as indicated by the dial reading, the harder or stiffer the 
body. Let us call this force (in kg. per sq. cm.) F. The 
amount of the deformation retained, D (obtainable from dial 
readings), may be expressed in per cent of the initial length. 
Symbolically, then, 


the plasticity, P, = ct 


where C is a constant. In this first approximate quantita- 
tive expression there are only familiar things. F is some 
function of hardness determined under certain conditions, 
and D is some simple function of permanent set. Reflec- 
tion upon the elementary sensations involved in everyday 
acquaintance with plasticity makes this seem rational. It 
is one of the simplest possible formulas suggestively defining 
plasticity. It may be looked upon as a general functional 
equation, however, and the next step is to establish just 
what the functions are. 

Plasticity is defined, then, as the product of two functions 
D and s, where s is a function of softness and D a function 
of permanent set. The simplest case is to let the function 
s be equal to the softness itself, and to let D be the perma- 
nent set. Although there is good justification for the first, 
certain other possibilities present themselves in place of the 
second. 


P= sD 
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The amount of deformation retained may be expressed in 
per cent of the total amount of deformation given irrespec- 
tive of the magnitude of the forces involved and of the di- 
mensions of the specimen. The word “retentivity” is sug- 
gestive here and will be tentatively adopted. The material 
which retains the whole of any deformation is rated 1; one 
that retains none is rated 0. In the first case the plasticity 
is entirely determined by the softness; in the second the 
plasticity remains zero irrespective of the softness. An 
illustration of the first class is the sculptor’s clay; of the 
second, a steel spring. For the present one may rest content 
to suggest how some formulation may be reached for softness 
and retentivity in their simplest setting. 

Letting h, hi, he be, respectively, the initial height, the 
height under compression, and the recovered height, the 
change in height during compression expressed in terms of 


the initial height is —* The more or less permanent change 


in height of the body at some definite time after the force 


has been removed is“. The ratio of these is 
h— Ie 
h-h 

To arrive at some rational expression for softness is more 
difficult but more urgent, not only for the present inquiry 
into the nature of plasticity, but more fundamentally as a 
step toward an examination and understanding of the con- 
cept hardness. A sensual impression of softness seems to be 
associated directly with the yielding of material when touched 
or pressed. It has no regard for certain other properties; 
for instance, one may with propriety speak of a soft steel 
spring that is very elastic as well as of a soft clay that is very 
inelastic. There are no specific dimensional elements im- 
plied. We may compare the softness of a feather bed with 
that of a mat or of wax even without taking into account 
any dimensions, and we may compare the softness of two 
spring mattresses without taking into account the length 
of the springs. Softness sensually is an integral and gross 
property of a material. A “specific softness” is desired for 
the formulation of plasticity. Hardness, the reciprocal of 
softness, in the rubber industry is measured by effects of 
compressional forces. It is often called resistance to pene- 
tration, since the force is applied over a very small area of 
the sample. 

As a first suggestive formulation the following may be used: 

h— In 1 
Softness, s, = K x 

where K is a constant of the apparatus and units employed. 
This implies that the greater the force F required for a given 
deformation, the harder the body; or for any given force 


Retentivity = / 
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or range of forces, the smaller the deformation, the harder 
the body. The range of hardness allowed is from zero to 
indefinitely great. When comparing samples over extended 
ranges of force or for some force F far removed from the 
conditions implied in the definition, allowance must be made 
for an exponent of F. This holds true also for the factor of 
time and perhaps for all other factors that are changed when 
conditions are changed. Plasticity becomes as a first approxi- 
mation: 


P=<K h-hh 


The above analysis is the result of an attempt to give a 
logical background to the proposed scheme of measurement. 
This certainly is preferable to a perfectly arbitrary method 
of procedure (10). 


The Time Factor 


The time of compression in the definition is one second. 
In the practical apparatus the compression goes from a mini- 
mum to a maximum in that interval. An average value 
is used in calculating the absolute plasticity. In the original 
development of the apparatus it was deemed for such small 
intervals of time advantageous to use a spring rather than 
weight, especially if one is interested in sudden release of 
the compressing force. The release need not be so sudden 
as in this apparatus. The particular intervals used should 
be set by the article under observation. From a broad tech- 
nical view it would be desirable, however, to have all measure- 
ments of plasticity refer to some standard condition so that 
the values for any material that may be recorded may be 

Note—This is difficult so long as the various factors involved are not 
known, and accurate interpolation is impossible. There is demanded a 
knowledge of how deformation varies with the dimensions of the body, 
with the force applied, and with the time and temperature; and further- 
more, how the recovery from deformation depends upon these parameters. 
comparable. Other considerations entered into the adop- 
tion of a rather short interval. One is from the viewpoint 
of flow. It is desirable to have any corrections which may 
be necessary due to small changes in the dimensions of the 
sample approximately proportional to the force. If the 
times involved are so short that equilibrium conditions of 
viscous flow cannot be established, or can play only a minute 
part, then one may expect to have simple relations. Cer- 
tainly, when conditions of equilibrium for viscous flow have 
been established, changes in the initial dimensions of the 
sample may not bear any simple linear relation to the changes 
in the forces applied to bring about a given flow or deforma- 
tion. By these statements it is not meant that plasticity 
may not and should not be obtained at longer lapses of time, 
but only that, if so made, there may be difficulty in referring 
back to the values obtained for the shorter intervals desig- 
nated in the definitions. Either arbitrary extrapolation 
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may be made or a great deal more of the properties of ma- 
terials must be learned. 

No doubt one may at times wish to determine plasticity 
under extreme conditions. When plasticity is measured for 
purposes of control in the factory, the conditions under which 
measurements are made and the magnitude of factors must 
be so chosen that the results may readily be shown to have 
some simple interpretation in practice. In case of the milling 
and mixing of rubber and its compounds, the time intervals 
involved are generally very small—less than one second. 
For this reason also the time intervals were kept as small 
as practicable in the first instrument. A final point in favor 
of the short interval was the fact that it appears that short 
intervals are involved in the estimation of the property 
“nerve” to which experienced rubber craftsmen are wont 
to refer. In “nerve” not only the completeness of recovery 
and the magnitude of the forces exerted during recovery, 
but also the speed of recovery appears to enter. 


Range of Usefulness of Plasticity Measurements 


It may be of some interest to point out that one may be. 
concerned with plasticity under conditions’ that may not 
pertain only to compression. Bending or torsional or ex- 
tensional forces and deformations may be involved, and also 
changes of volume. The concepts and analysis given above 
may be directly applied to such cases. 


Plasticities of Some Common Materials 
(Temperature, except in case of rubber, 20° C.) 


MATERIAL SortTnEss* RETENTIVITY PLASTICITY 
Milliplas 

Chewing-gum: 

Unmasticated 

Masticated 15 times 

Masticated 30 times 
Beeswax, commercial 
Asphalt 
Cheese, Swiss 
Bread, rye 
Bread, rye, crust 
Beef, raw, stewing 
Veal, raw, chop 
Bologna, ring 
Steel, cast (12) 


Crude rubber; smoked 
sheet, unmasticated: 


* The unit of softness meme in this table is that of a body of standard 
dimensions (1 X 1 cm.) when 1 kg. per ieke: cm. compressing it for 1 second 
will produce a 10 per cent change in hei Some relative unit is always 
implied in such a table as this, even if it is not explicitly mentioned. 

The measurement of plasticity is of interest wherever the 
forming of articles in molds is concerned, and whenever it 
is desired to use deformable materials under conditions where 
there is not time for the equilibrium conditions of viscous 
flow to be set up; and even in certain cases where the interest 
lies rather in elasticity, such as in upholstery or felts. In 
cases like the latter, plasticity is an objectionable feature 
and its measurement may indicate how nearly this unde- 


100° C. 1.66 0.0305 50.7 
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sirable feature may have been eliminated. Industries which 
deal in plastic materials, as the ceramics industries; which 
have to do with the manufacturing of bakelite and casein 
articles and the like; also those dealing in the cellulose, 
have interest in plastometric measurements for control pur- 
poses. The measurements of plasticity may possibly be of 
some importance to the paper industry and certain textile 
industries. Plasticity should play some role in the pastry 
and confectionery industries. Incidentally, plasticity is a 
very important property of all materials that are to be masti- 
cated between teeth—that is, most foods. This suggests 
that the rate of change of plasticity in chewing-gums on being 
masticated between the teeth may be of some importance 
to the chewing-gum industry. 

The critical study which led to the analysis of plasticity 
given in these pages was begun in connection, not with rubber, 
but with certain metallurgical problems involved in the 
working of metals, such as the drawing of tungsten and molyb- 
denum. These concepts should have a direct bearing upon 
ductility and malleability and other working qualities of 
metals, for these properties also have to do with the molding 
of materials to predetermined shapes under certain practical 
situations in respect to the applications of the forces and the 
time intervals involved. Certainly, here again the factors 
of deformability and retentivity are concerned. In the 
case of wire drawing, the deformability factor may be thought 
of in several ways—one as follows: During the process of 
drawing through a die there is an orientation and alignment 
of the crystals. One set of the 110 planes, for example, 
in cubical systems such as tungsten become more nearly 
parallel to each other and to the direction of drawing. 
This alignment may be followed by use of x-ray technic and 
the degree of orientation estimated. The amount of orienta- 
tion per unit of tractive force per unit of cross-sectional re- 
duction is a measure of this deformability. The retentivity 
factor may be considered as the ratio of the difference be- 
tween the initial and the final diameters of the wire and the 
difference between the initial diameter of the wire and the 
diameter of the die. The time element should be consid- 
ered—either maintained constant at some arbitrary value, 
or the function of time determined and proper allowance 
made when going from one set of conditions to another in- 
volving a change of time intervals. 

The temperature coefficient of plasticity of some materials 
such as rubber, of other thermoplastics and even of metals, 
and possibly of cheoplasts, has practical importance. In 
the rubber industry plasticity is a property of enormous im- 
portance. A large amount of data has been gathered with 
the use of the instrument described above bearing upon the 
relation of plasticity to the time and to other elements enter- 
ing into the mastication of rubber, and upon the temperature 
coefficient of plasticity. Such data are given by Dieterich 
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elsewhere in this issue (4). The thermal coefficient of plas- 
ticity may vary enormously depending both upon the pig- 
ments used and the treatment to which the rubber has been 
subjected during the milling and mixing operations. The 
plasticity rating of some common materials is indicated in a 
preliminary fashion in the accompanying table. The plas- 
ticity of steel is estimated from data given by Unwin (13). 
The compression in one case was 0.0157 per cent, in the other 
0.118 per cent. The time factor is ignored. It is not known 
how to extrapolate the scale of softness for large ranges of 
time nor how the retentivity depends upon time factor in 
the deformation and in the recovery processes. Linear 
variation of deformation with force is implied. All these 
assumptions tend to make the figures higher than should be. 
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A New Plastometer' 


E. Karrer 
Tug B. F. Gooprich Company, AKRON, OHIO 


T THE Swampscott meeting of the AMERICAN CHEMI- 
caL Society an analysis was given of the meaning 
of plasticity when this term names a property of 

solids that concerns the molding of plastics such as rubber.? 
A function for plasticity was deduced with some suggestions 
on the adoption of a C. G. S. unit of plasticity. Also, a de- 
sign of a plastometer, based upon this analysis, was outlined. 


It is the purpose of this paper to give a full description of 
such a plastometer. 


Original Plastometer 


A detailed drawing of the instrument as first conceived in 
February, 1927, is given in Figure 1. The rubber sample, 
1, in the form of a cylinder 1 cm. long, 1 sq. cm. cross section, 
is held between two vertical round rods, A and B, which will 
be designated as upper and lower plungers. These plungers 
consist of contacting end caps, 15, 20, of steel mounted upon 
porcelain tubes, 19, which in turn are cemented into sockets 
16, 21. The lower socket, 21, slides through a bushing 22. 
Its nether end is cut obliquely, and by means of a spring is 
pressed into contact with the surface of a cylindrical wedge, 
23, movable in and out by means of a drum nut, 25, fitted 
to the threaded end, 24, of the wedge. The height of the 
sample may be read to 0.001 inch off the scale on the drum 
nut, 25. The upper socket, 16, slides in a tube, 17, and has 
a bearing shoulder for the spring, 9, called the force spring. 
The upper plunger, together with other parts bearing upon 
it from above, is carried by a light spring, 27. 

Toggle joint 8 is actuated by a power spring, 10, that is 
restrained in a tube and exerts directly against the head 13, 
of a double compression rod, 12. This power spring is com- 

1 Received June 18, 1929. 
® This analysis and some preliminary data obtained with this instru- 
ment will appear in the August issue. 
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pressed or charged by the levers, 11, and may be released 
by a slight motion of a latch 2. When such release of the 
power spring takes place, the piston, 13, pushes the toggle 
from the flexed to, and through, the vertical position and 
depresses the piston, 18, a constant amount, and compresses 
the force spring, 9, to an extent depending upon the hardness 
of the sample. The amount of compression of the force 
spring and sample is indicated by the gage hand, 6, which 
carries a friction hand, 14, to its maximum position. The 
position of the friction hand may be read later to obtain 
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Figure 1—Sectional View of Original Plastometer 


the extent to which the sample has been compressed and with 
what force this has been brought about. The gage has 
connection with the sample by means of an extension rod, 
4, of glass or invar. The gage in the present apparatus was 
especially constructed to fit the situation. Its essential 
parts were the gears, 7, of a small pressure gage. To control 
the time of one stroke—that is, of the time during which the 
compression is applied—the power spring, 10, was caused 
to expand against the dampening resistance offered by an 
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ordinary Yale door check, 3. This interval turned out to 
be about 0.6 rather than 1 second as intended. , 
The procedure is as follows: A sample with a plate, 5, 
laid upon it, is inserted between the plungers. The wedge 
scale reading indicating the height is recorded; the latch 
lever, 2, is pushed to release the power spring, 10, which 
had been compressed before the sample was inserted. The 
resulting downward motion of the upper plunger depends 
upon the softness of the sample, and is readable from the 
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Figure 2—Sectional View of Automatic Plastometer 


position of the friction hand, 14. The stop watch is started 
the moment the motion of the friction hand ceases. The 
traveling hand, 6, is observed in its motion backwards and 
its position read after 5 seconds. From the three scale read- 
ings thus recorded the plasticity may be reckoned. The dial 
reading of the maximum hand gives directly the amount 
of compression, h — h,, where h is the original height, A; the 
height under maximum compression. Next, the force, F, 
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that has been exerted to accomplish the compression is also 
obtained by subtracting the dial reading given by the fric- 
tion hand from the dial reading which indicates a perfectly 
soft body—that is, the reading which indicates that the com-. 
pression spring has experienced no resistance from the sample 
and was free to follow to the extreme downward position 
demanded by the toggle. The amount of the compression, 
which is retained at the end of 5 seconds, is h — he, where he 
is the height 5 seconds after compression. 

In accordance with the definition that has been given in 
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Figure 3—Front View of Automatic Plastometer 


the analysis, plasticity is the product of a softness function 
and a property termed retentivity. It may be expressed as 
follows: 


P = K X softness X retentivity 
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where K is a constant depending upon the units and ap- 
+ paratus. In calculating the absolute values from the read- 
ings of this instrument, the average value of force, F, is used. 


Automatic Plastometer 


The plastometer that has just been described has been 
modified in certain respects to eliminate the personal element 
to a great extent and to make the control of the time interval 
more positive. It was originally intended to make this 
instrument entirely automatic and autographic. The auto- 
graphic feature has been eliminated from considerations of 
practicality. A gage has been substituted, whose reading, 
however, has been made much simpler as will be seen below. 
Figures 2, 3, and 4 depict in sectional, front, and top views 


Figure 4—Top View of Automatic Plastometer 


the instrument with these changes. The toggle joint, 1, 
is operated through the scotch yoke and eccentric, 2, by 
means of a sawtoothed clutch, 3, and a system of gears, 4, 
5, 6, and a synchronous motor, 7. The gearing is such that 
the toggle, 1, will go through one-half cycle of operation— 
that is, from the extreme left to the extreme right positions 
in 1 second. It is positively driven in both its to-and-fro — 
motions so that it does not, as in the previous instrument, 
release the force spring, 8, suddenly. The gage, 9, is, as in 
the previous instrument, furnished with a friction hand, 10, 
which retains the maximum position to which the indicating 
hand moves. The indicating hand may be read at any time 
after the maximum compression has been accomplished. 
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To facilitate this, a light signal is provided by means of lamps, 
11. This signal, flashing every second, is distinctly visible 
while the indicating hand is being followed in its motion 
backwards. The making and breaking of the signal circuit 
are accomplished by the use of Ford induction coil contacts, 
14, and a hard-rubber cam, 12, whose shaft is geared, 13, 
to that of the scotch yoke. The engaging and disengaging 
at the clutch, 3, depends upon the lever, 17, which when de- 
pressed raises a pin out of its groove in a sleeve, 22, and 
allows the driven half of the clutch to slide into engagement 
with the driving half. As long as there is engagement the 
timing shaft will be rotated by means of the gears, 13. The 
yoke shaft may or may not be rotated depending upon 
whether or not the sleeve, 15, is allowed to slide into engage- 
ment with the end of the clutch sleeve just mentioned. When 
the lever 16 is depressed, such sliding of this sleeve will take 
place. When the levers, 16 and 17, are depressed momen- 
tarily, the scotch yoke shaft will make one-half revolution, 
while the signal shaft, 18, will make one complete revolution. 
By prolonged depression of the levers, 16 and 17, any number 
of revolutions may be allowed—that is, any number of the 
to-and-fro motions of the toggle, any number of compres- 
sions, and any number of light signals may take place. By 
momentary depression of the yoke-sleeve lever, 16, and pro- 
longed depression of the clutch-sleeve lever, 17, only one 
motion of the toggle is allowed, but any number of revolu- 
tions of the signal shaft may take place. This means that 
a sample may be compressed for 1 second and its recovery 
observed after one or any whole number of seconds. The 
gage, 9, is of a special design. Its stem, as well as other parts, 
is hollow. It has only a small hair-spring to take up lost 
motion. This makes for extreme lightness and a small load 
upon the sample. The dial of this gage is graduated to 0.001 
inch; the extreme travel of the stem is 0.5 inch. To lift 
gage extension rod, 4, off the sample, the eccentric wheel, 
28, bearing against a lifting rod, 29, is provided. 

To control the temperature of the sample, 19, the upper 
and lower plunger, 20, 21, are surrounded by an oven, 23, 
equipped with thermometer, 24, and thermostat, 25. The 
samples are inserted and removed through a small door. 
Illumination within the furnace is provided for by a small 
lamp, 26, above the small door, 27, and attached to the large 
door. 

Only stocks that do not recover completely in 1 second may 
be studied with this instrument. 


[Reprinted from Industrial and Engineering Chemistry, 
Vol. 21, No. 8, page 768. August, 1929.] 


Time and Temperature- 
Plasticity Relations for 
Crude Rubber as Meas- 


ured with the Good- 
rich Plastometer' 


E. O. Dieterich 
Tue B. F. Gooprich Company, AKRON, OHIO 


ARRER (2) has presented the fundamental principles 
guiding the quantitative measurement of plasticity 
of materials, and has described a plastometer (1) 
whose design and operation incorporate these basic prin- 
ciples. The simple relationship between softness, per- 
manent set, and plasticity, when the time interval of com- 
pression is kept short, was pointed out.- This relationship 
makes it an easy matter to interpret the results obtained by 
the use of this instrument and to make intelligent comparisons 
of different materials, or of the effects of different kinds of treat- 
ment of the same material. 

The results recorded below, all of which refer to crude 
rubber, and which are typical of rather extensive data, 
illustrate the applicability of the plastometer to the require- 
ments of the rubber industry, and their bearing on progress 
in rubber technology is indicated. The plasticities have not 
been expressed in absolute units, since relative values, 
based on the changes of dimensions of the sample during com- 
pression and recovery, are entirely adequate for factory con- 
trol work. Multiplying these values by the factor 0.01876 gives 
the absolute plasticity in kilogram-centimeter-second units. 


Change of Plasticity of Crude Rubber with Time of Milling 
MASTICATION OF DIFFERENT KINDS OF RUBBER—The data 
in Table I, which are plotted in Figure 1a, were obtained 


1 Presented before the Division of Rubber Chemistry at the 76th 
Meeting of the American Chemical Society, Swampscott, Mass., September 
10 to 14, 1928. 


we 
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during the course of some mastication tests and refer 
to 200-pound (91-kg.) batches milled on a 24 by 84 inch 
(61 by 213 cm.) smooth roll mill. The mill roll setting was 
kept constant at %/3: inch (7 mm.) and the cooling water 
regulated to give the same rate of temperature rise in each 
batch so that milling conditions might be as nearly as possible 
alike for all batches. Comparisons were made of pale crepe, 
smoked sheets, and latex-sprayed rubbers. 

Unless stated otherwise, all measurements were made at 
100° C. and, whatever the temperature, the samples were 
preheated for 20 minutes before they were put into the 
plastometer. 


Corns s for Fig: 1b -Llastuation Curves tor 


Relotive Plasticities at 400°C. 


Time of (tastication -finutes Time of Pastication -Ninutes - 


Table I—Relative Plasticities at 100° C. of Different Kinds of Rubber 
for Various Periods of Mastication 


‘TIME OF SMOKED SHEETS LATEX-SPRAYED 
MASTICATION PALE CREPE No. 1 No. 1 


Minutes 


CONT 


6. 


Final batch 233° F. 
temperature (109° C.) (109° C.) 139" 


It is evident that the rates of breakdown of these three 
varieties of rubber differ enormously. There is considerable 
scattering of the experimental values, but this is to be ex- 
pected when small samples are taken from large batches—i. e., 
the deviations are due to variations in different parts of the 
batch. The personal factor introduced by cutting the bank 
through the mill also influences the regularity of the results. 
For small batches, as illustrated in Figure 1b, the scattering 
is much reduced. A straight line fits the points as well as 
any other smooth curve, which means that the rate of masti- 
cation of rubber, for relatively short intervals at least, is uni- 
form and directly proportional to the time of milling. This 
linear relation, unquestionably, does not hold for very long 


|_| 
ALI LILIA 
0 2.7 1.1 
5 5.7 2.8 
10 8.3 3.1 
15 9.6 4.3 
20 10.2 4.7 
25 13.0 4.9 
30 3 
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masticating periods, and is related to the batch size and the 
method of manipulation on the rolls. 

EFFect or Batcu S1zE—Some typical results are shown in 
Table II and Figure 1b. These data relate to 20 by 60 inch 
(51 by 152 cm.) smooth roll mills operated at '/s-inch (3- 
mm.) opening. A 60-pound (27-kg.) batch on these rolls 
gives a fairly small bank, the greater part of which is rolling. 
A 90-pound (41-kg.) batch, on the other hand, produces a 
bank which is largely stationary. Theoretically, the extent 
of mastication is directly proportional to the number of times 
the rubber passes between the rolls, so a 90-pound batch 
should require 50 per cent more cutting back and forth and a 
50 per cent longer time on the rolls to reach a plasticity 
equivalent to that attained by a 60-pound batch at any given 
time. This is verified to a satisfactory degree by the experi- 
mental data, the final plasticity of the 90-pound batch being 
practically equal, in 90 minutes, to that of a 60-pound batch 
at the end of 60 minutes, the former having been cut through 
the mill 50 per cent oftener. 


Table II—Relative Plasticities of Pale Crepe at 100° C. in Different 
Batch Sizes for Various Periods of Mastication 


‘TIME OF 60-LB. (27-KG.) 90-LB. (41-KG.) 
MASTICATION Batcu Batcu 
Minutes 
0 3.3 3.3 
15 10.1 6.2 
30 20.3 14.1 
45 28.2 17.8 
60 35.7 22.4 
75 27.1 


90 


A satisfactory linear relationship between plasticity and 
period of mastication is again observed in this case, although 
the latter is 1/2 hours. In fact, we have noted this propor- 
tionality for milling times as long as 2 hours. Such a simple 
relationship between milling time and plasticity does not 
hold for any other type of plastometer, and the ease of cal- 
culating milling time in terms of equivalent plasticities is 
clearly evident. 


Temperature Coefficient of Plasticity 


References in the literature to the effect of temperature 
upon the properties of rubber leave the impression that in the 
neighborhood of 70° C. the plasticity undergoes a sudden 
change and that above this temperature rubber is, in fact, a 
different material in this respect than it is at lower tempera~ 
tures. Thus, Van Rossem and Van der Meyden (3) speak of 
rubber as being “fully plastic” at 70° C., but only “partially 
plastic” below this temperature. Table III and Figure 2 
illustrate the manner in which temperature affects the plas- 
ticity of masticated smoked sheets, and these data are typical 
of many measurements. In no case has a discontinuity, or 
abrupt change, been found in plastic properties at or near 70° 
C.; the variation with temperature is of degree rather than of 
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Table Il1I—Relative Plasticities of Masticated Smoked Sheets at 
Various Temperatures 


No SorrenerR ADDED 


‘TEMPERATURE SorrENER ADDED 


As shown by the curves, the temperature coefficient of 
plasticity gradually increases as the temperature is raised. 
In the first case the temperature coefficients are found to be 
0.35, 0.75, and 1.50 per degree Centigrade for the temperature 
intervals of 30-40°, 70-80°, and 90-100° C., respectively. 
In the other instance, in which a softener was added, the 
corresponding values are 0.42, 1.50, and 2.45. This change 
in the temperature coefficient of plasticity is a confirmation of 
the desirability of low-temperature mastication, for at tem- 
peratures below, say, 60° C., the internal stresses set up in the 
rubber are high and rapid breakdown occurs, while at higher 


| | | | | = 


Fig. 2 - Yemparature- plasticity 
relations For Smoked sheets. 


- tueted SS. 
-with ith softener. 


Frelative Plasticities 


Tamperetures in C. 


temperatures the internal resistance to deformation rapidly 
decreases, and little permanent softening of the rubber results. 

The instrument has proved a powerful tool in the study of 
mastication, mixing, calendering, and tubing problems, some 
of the results of which, it is hoped, will be published in the 
near future. In speed and simplicity of operation it leaves 
little to be desired. The fact that the true plasticities, as 
measured with the instrument, are directly proportional to the 
figures which express them—a plasticity of 20, for example, 
indicates a material which is exactly twice as plastic as one 
for which the figure is 10—makes it possible to set up a 
convenient scale which is easily understood by machine 
operators with no technical training. This is of immense 
importance in factory control and can be accomplished at the 
present time by no other plastometer. 


Literature Cited 
(1) Karrer, Inp. Enc. Cuem., Anal. Ed., 1, 158 (1929). 
(2) Karrer, Inv. Enc. CuHeEm., 21, 770 (1929). 
(3) Van Rossem and Van der Meyden, Rept. of International Congress for 
Testing Materials, 1927. 
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(Reprinted from Industrial and Engineering Chemistry, 
Vol. 21, No. 8, page 723. August, 1929.] 


Effect of Stearic Acid on Various 
Crude Rubbers 


E. W. Fuller 


THE Fisk RuBBER COMPANY, CHICOPEE FALLS, Mass. 


done in determining the effect of increasing amounts 

of stearic acid in various types of compounds using 
different accelerators. The work described herein empha- 
sizes the point that in comparisons of this kind a third variable 
may enter—namely, the crude rubber—and if fine distinc- 
tions are to be drawn as to the correct amount of stearic 
acid to use with any particular accelerator some considera- 

_ tion should be given to possible variations in the rubbers 
used. 

Russell (1) shows that when different crude rubbers. are 
cured with zine oxide certain samples give compounds with 
very poor physical properties while other samples give good 
results. He connects the tendency to give well-cured com- 
pounds with the ability of the rubber to dissolve zinc oxide. 
He further showed that those rubbers that do not give good 
properties can be brought up to normal by adding small 
amounts of various fatty acids, and thus, in a qualitative 
way at least, indicated the importance of organic acids to 
the vulcanization process. 

About the same time Whitby (2) showed that the resins 
that occur naturally in rubber consist largely of fatty acids, 
such as stearic, oleic, and linoleic. His figures indicate that 
the amount of such acids varies appreciably even within 
any one grade and type of rubber and that there is no direct 
relationship between the resin content and the acid content. 
If all the acid is figured as stearic acid, he shows for first- 
grade plantation rubbers acid contents of from 0.50 to 1.92 
per cent on the rubber; for lower grades it usually runs lower. 
He gives a mean value of 1.35 per cent acid for plantation 

grades and further states that types of rubber other than 
Hevea usually contain little or no free acid. 


Dicuss the last few years considerable work has been 
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In later work Whitby and his co-workers (3, 4) study the 
effect of adding increasing amounts of organic acid to rubber 
that has been extracted with acetone until it is practically 
resin-acid free and then compounded with several type accel- 
erators. They show a varying effect with different accelera- 
tors and also indicate that the effect may be appreciable 
when organic acids are added even within the normal acid 
range for Hevea rubber samples. A summary of the pre- 
vious work that has been done by other investigators on the 
influence of fatty acids on vulcanization is also given by 
Whitby and Evans (3). 


Experimental Procedure 


Various grades of rubber were selected in order to obtain 
a range of acid values. Each grade was blended on a mill 
to obtain uniformity and then an average sample taken 
for the acid determination. For this purpose 30 grams 
were extracted with acetone and the extract was then titrated 
with alcoholic potash. Instead of using Whitby’s designa- 
tion “acid number” (milligrams of KOH to neutralize the 
acid from 100 grams of rubber), all results have been figured 
as though the resin acids were entirely stearic acid and the 
acid content is then given as per cent stearic acid on the 
rubber. 


Results 


Some of the results obtained by using these rubbers of 
known acid value in several type formulas are given below. 
The results have been compressed to show tendencies in as 
few comparisons as possible rather than to give actual de- 
tailed results, as the purpose of this paper is to indicate a 
condition and no attempt has been made to cover the whole 
ground of possible variations. 

RvuBBER-SULFUR—Table I shows four rubbers of vary- 
ing acid content used in the simple formula 100 rubber 
and 10 sulfur. Each stock was cured with and with- 
out 1 per cent of added stearic acid. The tensiles and 
moduli are shown for three cures of each set. It is noted 
that in this type formula the addition of 1 per cent stearic 
acid had very little effect on either tensiles or moduli, al- 
though, if anything, there is a slight tendency to lower both. 

RUBBER-SULFUR-ZINC OxIDE-DIPHENYLGUANIDINE— 
Table II gives three rubbers in a diphenylguanidine formula 
both with and without the addition of 1 per cent stearic acid. 
In this case the high resin-acid rubber (smoked sheet) shows 
a very noticeable drop in physical properties when 1 per 
cent stearic acid is added, while the other two rubbers are 
practically unaffected. The total acid in the case of the 
smoked sheet becomes appreciable after the 1 per cent stearic 
is added (2.36 per cent on the rubber). 

III covers 
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Table I—100 Rubber, 10 Sulfu 


Cure at 50 Ibs. (3.2 
kg. per sq. cm.) 


steam pressure 90 Minutes 105 Minutes 120 Minutes 


(148° C.) 
Tensile in Ibs. per 


sq. in. (kg. per Break 800% Break 800% Break 800% 
Elong. E E 


long. 


sq. cm.) 
SmoKED SHEET—1.36% RESIN AcID 


Control 2450 


+ 1% Stearic acid 1950 1000 2250 =1325 2400 
(137.1) (70.3) (158.2) (93.2) (168.7) 


AmBERS—0.79% Resin 
Control 2200 1300 2400 1800 2600 
(154.7) (91.9) (168.7) (126.5) (182.8) 
2150 1250 2350 1700 2600 
(151.2) (87.9) (165.2) (119.5) (182.8) 
BROowN—0.20% Resin Acip 
1350 750 1650 1000 1800 
(94.9) (52.7) (116.0) (70.3) (126.5) 
1300 700 1575 900 1750 
(91.9) (49.2) (110.7) (63.3) (123.0) 
Caucuo BaLL—0.12% Resin Acip 


+ 1% Stearic acid 


Control 


+ 1% Stearic acid 


Control 1050 500 1150 750 1350 
(73.8) (35.1) (80.8) (52.7) (94.9) 
+ 1% Stearic acid 


1000 500 1200 650 1350 
(70.3) (35.1) (84.4) (45.7) (94.9) 


Cure at 35 Ibs. (25 
kg. per sq. cm.) 


2050 1100 2350 1400 
(144.1) (77.3) (165.2) (98.4) (172.3) ( 


long. 
1650 
116.0) 
1600 
(112.5) 


2100 
(147.6) 
2050 
(144.1) 
1250 
(87.9) 
1200 
(84.4) 
900 
(63.3) 
850 
(59.7) 


Table II—100 Rubber, 6 Zinc Oxide, 3.5 Sulfur, 1 Diphenylguanidine 


steam ¥ — 30 Minutes 40 Minutes 50 Minutes 


(138.5 
Tensile in Ibs. per 
sq. in. (kg. per Break 600% Break 600% #£Break 
sq. cm.) Elong. Elong. 
SMOKED SHEET—1.36% ResIN AcID 
Control 2800 1600 3050 2150 3350 
(196.8) (112.5) (214.4) (151.2) (235.5) 
+ 1% Stearic acid 2500 1300 2800 1550 3100 
(175.8) (91.9) (196.8) (108.9) (217.9) 


Earta ScraPp—0.20% Acip 
2650 1100 2900 1350 3000 
(186.3) (77.3) (203.9) (94.9) (210.9) 


2600 950 2850 1200 50 

(182.8) (66.8) (200.4) (84.4) (207.4) 
Rott BRowN—0.20% Resin Acip 

Control 2050 850 2350 1100 2450 

(144.1) (59.7) (165.2) (77.3) (172.2) 

+ 1% Stearic acid 


Control 
+ 1% Stearic acid 


2000 800 2400 1050 2500 
(140.6) (56.2) (168.7) (73.8) (175.8) 


600 


2600 
(182.8) 


1800 
(126.5) 


1500 
(105.5) 

1435 
(103.7) 


1200 
(84.4) 
1200 
(84.4) 


the same comparison as the previous one except that an 


aldehyde-amine type of accelerator (heptene) is used in place 
of diphenylguanidine. Here again the high resin-acid smoked 
sheet shows a decrease in physical properties on the addi- 
tion of stearic acid. But when the low resin-acid rubbers 
are considered, it is seen that the addition of stearic acid 
improves both the tensiles and moduli very appreciably and 
if anything the rubber with the lowest natural acid con- 
tent shows the greatest improvement. The total acid in 
these three low acid rubbers is 1.12 to 1.2 per cent on the rub- 


ber. 
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Table I1I—100 Rubber, 6 Zinc Oxide, 3.5 Sulfur, 0.5 Heptene 


Cure at 35 Ibs. (2.5 
kg. per sq. cm.) 4 
steam pressure 30 Minutes 40 Minutes 50 Minutes 
(138° C.) 
Tensile in Ibs. per 
. in. (kg. per Break 600% Break 600% #=OBreak 600% 
. cm.) Elong. Elong. Elong. 


SmoKep SHEET—1.36% Resin Acip 


2700 1250 3100 1700 3150 1900 
(189.8) (87.9) (217.9) (119.5) (221.5) (133.6) 


1800 750 2400 1050 2700 1500 
(126.5) (52.7) (168.7) (73.8) (189.8) (105.5) 
EartH Scrap—0.20% Resin Acip 


+ 1% Stearic acid 
Control 1000 150 850 200 1000 250 
(70.3) (10.5) (59.7) (14.0) (70.3) (17.5) 


1600 400 1850 500 2100 1050 
(112.5) (28.1) (180.0) (35.1) (147.6) (73.8) 
Brown—0.20% Resin Acip 


+ 1% Stearic acid 


Control 1200 


750 250 1050 350 400 
(52.7) (17.5) (73.8) (24.6) (84.4) (28.1) 


1850 575 2150 800 2400 900 
(130.1) (40.4) (151.2) (56.2) (168.7) (63.3) 
Caucuo Batt—0.12% Resin Acip 


+ 1% Stearic acid 


Control 1200 


800 250 1050 350 400 
(56.2) (17.5) (73.8) (24.6) (84.4) (28.1) 


+ 1% Stearic acid 1650 600 2150 800 2400 900 
(116.0) (42.2) (151.2) (56.2) (168.7) (63.3) 


100 Rueser 
GS, Zinc 
Hertine 


- 


TENSILE TN INC Ka /Sq. CEN.) 


Tora. Acid Content’ 


Figure 1 


ComBtinaTION OF HicH Acip anp Low Acip RusBERs— 
Table IV gives the heptene formula using (1) a high acid 
smoked sheet, (2) a mixture of 2 parts of high acid smoked 
sheet and 1 part low acid roll brown, (3) a mixture of the 
same two rubbers, but in the ratio 1 of smoked sheet to 2 
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of roll brown, and (4) the low acid roll brown alone. The 
total resin-acid values of the mixtures are also shown for each 
rubber combination. Here again there is a lowering of ten- 
sile and modulus when stearic acid is added to the high acid 
smoked sheet and a raising of these properties when this 
acid is added to the low acid roll brown. The two compounds 
containing the mixed rubbers show an increase of the physi- 
cal properties roughly in proportion to the amount of low 
acid rubber present—i. e., to the lack of natural resin acids. 

HEpTEeNE ForRMULA WITH INCREASING AMOUNTS OF TOTAL 
Acip—In Figure 1 the heptene formula is shown using three 
different rubbers and increasing amounts of stearic acid so 
that the total stearic acid (resin acid plus added acid) varies 
from 0.2 to 2.6 per cent on the rubber. Stearic acid was 
added on the mill to give definite increases in total acid. 
Tensile and modulus at 600 per cent elongation curves are 
shown for a 40-minute cure at 35 pounds (2.5 kg. per sq. 
cm.) steam with three rubbers of varying amounts of resin 


100 Russer. 
S, Zinc Oxve 
De 


Tensice In Ka./Sq.Cen.) 


ToTa. CONTENT 
-2.9 -1.9 is} 4 D%e Acip 


Figure 2 


acid. The amount of resin acid present in each rubber is 
indicated by the first point at the left in the curve for the 
rubber. It is noted that in this formula all three rubbers 
show a quite definite maximum for both physical proper- 
ties at a total acid content of approximately 1.4 per cent on 
the rubber, and that there is a falling off in tensile and modu- 
lus as the acid content varies on either side of this figure. 
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Heprene Formuta Varyine Acip FROM 
to Minus—A heptene formula is shown in Figure 2 using 
three different rubbers and varying the amount of total 
acid (resin and added) between the limits —2.0 to +2.5 
per cent on the rubber by adding on the mill the desired 
quantity of either stearic acid or alcoholic potash. The points 
shown are for equivalent states of cure; i. e., as alkali is added 
it is necessary to take a shorter time of cure to compensate 
for the accelerating effect of the alkali. In this case 1 per 
cent heptene is used in place of the 0.5 per cent used pre- 
viously and this apparently tends to throw the acid maxi- 
mum a little lower—nearer to 1 per cent acid. At approxi- 
mately 1 per cent total acid there is a rather definite point 
of inflection on all the curves. Continued decrease of acid 
below this point does not cause a lowering of physical proper- 
ties as was obtained in the previous figure, probably because 
the added alkali forms soap with the acid which tends to 
hold up the physical properties. 


100 RuBBER. 
S Oxipe, 


Tensite In 


“ToTaLAcip Content 
-2.0 “1.0 ° 4. 


Figure 3 


Di-o-ToLYLGUANIDINE FormuLa aS ABOVE—This com- 
parison as given in Figure 3 covers the same ground as the 
one just shown except that di-o-tolylguanidine is used as 
the accelerator in place of heptene. In this case the point 
of flexing in all three curves appears to be close to zero acid 
content. There is very little change in physical properties 
as the acid content is increased above this. 
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Conclusions 


The exact acid content of a compound has an important 
effect on the physical properties secured with it and there is 
probably a definite state of acidity for each accelerator, and 
perhaps compound, which gives the best results with the 
combinations in question. 

The naturally occurring resin acids in rubber must be con- 
sidered in figuring the total available acid in any compound. 
This is especially important where changes are made from 
one type or grade of rubber to another. 
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Stearic and Oleic Acids as Rub- 
ber-Compounding Ingredients 


R. P. Dinsmore 
Tue GoopykEar TirE & RuBBER CoMPANY, AKRON, OHIO 


T IS proposed in this brief discussion to touch upon the 
relative effects of stearic and oleic acids in a few typical 
rubber stocks; then to discuss certain anomalies as to the 

effect of stearic acid on chemical and physical cure; and, 
lastly, to consider some of the differences found by use of 
different accelerators. 

Inasmuch as oleic acid is the chief impurity in commercial 
stearic—running from 10 to 15 per cent—it seems desirable 
to know the behavior of oleic acid alone. 


Comparison of Stearic and Oleic Acids 


The following data show the comparative effects of double- 
pressed stearic and commercial oleic acids in typical rubber 
compounds:! 


Table I—Action of Stearic and Oleic Acids in Typical Rubber 
Compounds 


Captax Tread—4 parts acid on 100 rubber 
23 volumes black 

1 volume ZnO 

Best cure, 70 minutes at 127° C. (260° F.) 


Stearic Oleic 


Cure at 127° C., minutes 70-100 70-100 
Modulus at 300 per cent, kg. per sq. cm. 68-90 61-75 
Acid bloom after 15 hours® None Very bad 

Captax Friction—0.6 part acid on 100 rubber 

1/2 volume ZnO 

8 parts softener 

Best cure, 40 minutes at 127° C. 

Stearic Oleic 


Cure at 127° C., minutes 40-50 40-50 
Modulus at 700 per cent, kg. per sq. cm. 85-97 78-85 
Acid bloom? None No bloom, but 
very sticky 
Zinc Oxide Friction—2 parts acid on 100 rubber 
71/2 volumes ZnO 
41/2 parts softener 
Best cure, 30 minutes at 127° C. 4 
Stearic Oleic 
Cure at 127° C., minutes 30-40 30-40 
Modulus at 300 per cent, kg. per sq. cm. 63-78 53-68 
Acid bloom? None No bloom, but 
more tacky 
than control 
Uncured stock. 


1 This work was done by R. W. Beveridge of the compounding staff 
of the Goodyear Tire & Rubber Co. 
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From these data it would appear that, in Captax stocks, 
there is a distinct loss in modulus due to the substitution of 


stearic acid by oleic. This seems to be more pronounced in | . 


the loaded stocks. From the point of view of acid bloom, 
the tread stock was the only one giving trouble, but this is 
serious. It would thus appear that purified stearic acid 
might be desirable for carbon black stocks, whereas for fric- 
tion stocks, where modulus is not always so important, less 
pure stearic could be used, particularly if additional tack is 
desired. It must be borne in mind that these conclusions are, 
so far, limited to Captax. 


Behavior of Stearic Acid 


Let us now turn to stearic acid itself. We will note a few 
things about its behavior with zinc oxide and carbon black. 
It is necessary to distinguish between the effect on physical 
and chemical cure. This is shown by some unpublished work 
by C. R. Park, asummary of which is given in Tables II and 
III. 

Bracketed ingredients denote original materials in the 
rubber mix (except rubber). Material appended to bracket 
by plus sign is that which gives the effect on cure noted in 
the adjoining columns. Physical cure picked by hand. 
Vol. = volume loading on 100 volumes rubber; blk = mi- 
cronex carbon black; acid = stearic acid; stiff. = modulus 
as shown by stress-strain curve. 


Table II—Effect of Stearic Acid on Physical and Chemical Cure 


CoMBINED PHYSICAL 
CoMPOSITION SuLFUR CuRE SrirF 


vat. blk. + 8 pts. S] + 4 
4 Same Same Less 


[25 v vol. 8 pts. + 

38/4 vol. ZnO Inc. 70% Inc. 15% Inc. 70% 
(25 vol. blk. + 8 pts. S + 

33/4 vol. ZnO] + 4 acid Inc. 15% Inc. 15% Inc. 3% 
[20 vol. blk. + 3 pts.S + 1 


+ 1.2 Captax] + 
Dec. 8% Inc. 0 Inc. 40 
[gs oy $) + 1 vol. ZnO Same Inc. 16 Inc. 40% 
3 pts. S + 1 vol. ZnO + 1.2 
Captax] + 4 acid Curves cross Dec. 20%*% Curves cross 


10 Ss} + ZnO 10% faster Inc. 50% 
10 pts. S} + 4 20% slower 50% less 
10 pts. S + 1 vol. or Zn0] +4 


acid 
S + 1 vol. ZnO] + 


Same 30% Inc. 


Slight Inc. Slight Dec. 
S + 1lvol. ZnO + 4 
igi + 0.5 Copter Cures 1/1 time Great Inc. 
6S] 1 vol. Z Inc. 10% Inc. 100 
St 1 vol ZnO} + 4 acid Dec. 10% Inc. 20% 
6S + 1 vol. ‘ulin 
+ 0.25 Capt: Inc. 90% Inc. 600% 


@ See A. 
Table I1I—Comparison of Stiffening Effect of Zinc Oxide and Black 
(Kg./cm.*) @ 700% 
6S + 1 vol. ZnO 52 
6S + 1 vol. Micronex 25 
6S + 1 vol. Thermatomic 26 


Here we see that if stearic acid is added to a sulfur mix 
there is a marked decrease in chemical and physical cure. In 
a sulfur-black stock the cure is unchanged but the stiffness is 
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decreased. Moreover, while the addition of one volume of 

zinc oxide to a sulfur or sulfur-black stock speeds up the cure 

and markedly increases the stiffness (double what one volume 

of black alone will do), the further addition of stearic speeds 

_ up chemical cure but has little further effect unless the sulfur 
is high (10 per cent). 

The addition of stearic to a sulfur-zinc-Captax stock shows 
a large increase in the physical cure and stiffness for the black 
stocks and a softer stock at low cures for the non-black chang- 
ing to stiffer as cure increases. The chemical cure is retarded 
in both cases. 

Hence it would seem that stearic acid is, by itself, a re- 
tarder of chemical and physical cure. With zine oxide it 
changes to an accelerator of chemical cure and with Captax 
to an accelerator of physical cure. Here, however, even in 
the presence of zinc, the chemical cure is retarded. 


EFFECT of STEARIC ACID 
on 
CURE 


N 

ap 4 LL 

ZS 
7 
80 |S ° 
40 
| 20 40 | Slo 4o | 20 3/0 0| 50 


TIME of CURE MINUTES at 125 TC. 


Action of Other Accelerators 


The writer has previously published (1) a so-called ac- 
celerator classification which considered various typical 
groups of accelerators. The following remarks will apply 
to these groups only: 

Work with extracted rubber shows: (1) All accelerators 
are improved by zinc oxide; (2) the zinc oxide must be ren- 
dered rubber-soluble by stearic acid except in the case of the 
dithiocarbamates and the thiurams which are capable of 
reacting directly with zinc oxide; (3) Captax and derivatives 
must have zinc in soluble form to function at all; (4) P-nitroso 
will function in extracted rubber in the absence of zinc oxide 
but, if zinc oxide is present, it must have stearic also. Hence 
it would seem that the prime function of stearic acid is to 
furnish zinc oxide in a suitable form for the use of the accel- 
erator. Otherwise it acts as a softener and retarder. As to 
why an excess of stearic acid retards diphenylguanidine and 
has no such action on other accelerators, it is hard to 
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say. Perhaps there is a more or less stable diphenylguanidine 
stearate formed which is a non-accelerator. Certainly there 
is much to be explained as to the mechanism of the zinc soap 
in the physical cure of rubber. 


Literature Cited 
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Effect of Increased Quantities 
of Stearic Acid on Tread 
Abrasions 


C. Olin North 
RUBBER SERVICE LABORATORIES Co., NiTRO, W. Va. 


HE problem of laboratory abrasion tests on rubber 

! which will allow one to predict something regarding the 

relative service of two tread compounds on the road is a 
very important one and has been attacked by many investi- 
gators. 

Perhaps the best machine so far developed is the Grasselli 
abrader, invented by Williams (3) who states that “the Gras- 
selli abrader is a machine for measuring the volume loss of 
rubber per unit of work expended. Its principle is similar to 
that of a Prony brake in which the rubber test pieces are 
similar to the friction surfaces of the brake.’’ The abrasion 
index secured by the Williams method represents volume 
abraded, in cubic centimeters per horsepower-hour. The 
volume abraded is the volume loss of both test pieces and the 
horsepower-hour figures refer to full brake horsepower. 

While the Grasselli abrader is perhaps the best abrasion 
machine now in existence, its results should not be taken as 
a final criterion. Williams states: ‘While the Grasselli 
abrader makes possible a real comparison of the abrasion re- 
sistance of any compound, it should not be expected to replace 
actual road tests.” This sensible admonition has been dis- 
regarded by too many rubber technologists. The results ob- 
tained on this machine have been interpreted in ways not in- 
tended and conclusions have been drawn which are not 
correct. 

It is well known that the introduction of certain higher 
fatty acids—e. g., stearic—into rubber compounds is beneficial. 
A deficiency is thus supplied and a uniformly vulcanizing 
compound is secured. Furthermore, stearic acid aids in the 
dispersion of pigments, such as carbon black. There is no 
question but that the moderate use of stearic acid in tread 
compounds is decidedly helpful. 

However, there are people who believe that if a little is 
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good, more is better. Stearic acid has been added as high as 
9 per cent on the rubber. The resulting compounds gave, on 
the Grasselli abrader, index values much below what one 
would normally expect. It should be explained that the. 
lower the index value—i. e., the less the volume loss per unit of 
power consumed—the better the tread, since the tire whose 
tread wears the longest is usually considered the most de- 
sirable. 


Experimental 
Any test which is applied beyond its reasonable limitations 


is dangerous. One simple method of attack is the “reduction 
to absurdity” procedure; this was followed. 


| 250, ABRASION INDEX 
Grasset: MacHine 
. Stearic Acip -------- 
Pararrin 
> 
° 
1500 
8 
» 
1000 @ 


5 40 15 20 25 30 
BASE FORMULA 

TENSILE STRENGTH Sneers 100 

10 


Brack Crucrone 
Zine Oxive 
Sucrur 2.15 
Tuans (7oz.) OA315 


~ 


~ 


30 Min. ar 259°F. 
20" Steam 


30 


F 


A tread compound which vulcanizes nicely at low tempera- 
tures was selected (formula given on accompanying graph). 
Stearic acid was added in quantities from 1.5 to 30 per cent on 
the rubber. Batches were milled in the regular way and 
sheets and abrasion blocks vulcanized for 30 minutes at 
126° C. (259° F.)(20 pounds steam). This cure was selected 
as previous work had shown it to be the optimum. Abrasion 
tests were made in accordance with the procedure recom- 


|| 
ON THE RVBBER. 
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mended by Williams. Stress-strain curves were secured in 
the usual manner. The accompanying graph shows the 
variation in tensile strength, modulus (load necessary to pro- 
duce 300 per cent elongation), and abrasive index with in- 
creased quantities of stearic acid. 

It will be noted that the abrasive index falls until a mini- 
mum is reached at 10 per cent. This value is held until 15 
per cent, when it begins to increase. It should also be noted 
that the value for 30 per cent stearic acid is less than that for 
2 per cent, which is the normal quantity usually employed. 
In other words, if we are to believe the results, we should ex- 
pect better tread wear, other things being equal, from the 
stock containing 30 per cent stearic acid than for the one 
containing 2 per cent. 

The above did not appear to be a reasonable conclusion. 
The stocks from 3 per cent up, on examination were found to 
be rather heavily covered with stearic acid “bloom;’’ i. e., 
the stearic acid came to the surface and thus provided a 
lubricant, which interfered with the proper working of the 
test 


One’s first thought on the subject would naturally be that 
lubrication of the surface should not materially affect the 
test because the index of abrasion represents volume abraded 
per horsepower-hour. But Plummer and Beaver (/) and 
also Vogt (2) have shown that only a small percentage of the 
power input goes to do true abrasion work. Therefore, lubri- 
cation of the surface should be expected to have an effect. 
In this case the waxlike properties of stearic acid probably are 
responsible for the low values obtained. 

To check this still further, a number of experiments were 
made with paraffin. This substance is an old well-understood 
compounding ingredient. It blooms heavily and has never 
been suspected of promoting abrasive resistance. In fact, 
it is known to have a contrary effect. 

Paraffin was added in varying amounts from 3.5 to 28.5 
per cent on the rubber. At 18.5 per cent paraffin an abrasion 
index of 125 was secured. This is lower than any value ob- 
tained in the stearic acid series. Furthermore, the modulus 
and tensile strength values are both decidedly affected. 
Therefore, it would appear that the results are highly absurd 
and the test is in error chiefly because of the surface lubrica- 
tion afforded by the wax which blooms to the surface. 


Conclusion 


The only conclusion justified, therefore, is that, in so far as 
abrasion index is concerned, we must fall back on road tests. 
There the values depend, not only upon the abrasion resistance 
of the tread, but also upon the design of the tire, its load, 
position on the car, etc. The Grasselli abrader is of value in 
laboratory work, but the results must always be carefully 
scrutinized and must be interpreted within the actual con- 
ditions of test, 
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Effect of Stearic Acid on 
Reclaimed Rubber 


H. A. Winkelmann and E. B. Busenburg 


PHILADELPHIA RUBBER WoRKS CoMPANY, AKRON, OHIO 


T IS the purpose of this paper to discuss the effect of 
I stearic acid on the process of manufacture of reclaimed 
rubber and its effect when used with reclaimed rubber 
in vulcanized rubber goods. The uses of stearic acid in 
reclaimed rubber can best be grouped as follows: (1) in the 
digester or heater as a plasticizing agent to speed up the disag- 
gregation of the rubber; (2) when added to the plasticized 
rubber on the mill or in an internal mixer, to facilitate 
addition of a pigment or to impart some desirable prop- 
erty or consistency; (3) in compounds containing substantial 
amounts of reclaimed rubber. 

In most reclaiming processes softeners are used in the de- 
vulcanizer in conjunction with heat, to aid in plasticizing the 
rubber. They may also be added on a warm-up mill or in an 
internal mixer to give a reclaim with desirable properties for 
tubing machine and calender operations. It may be desirable 
to have a definite amount or a complete absence of tack. 
It is therefore essential that the right softener is used and that 
it is added at the proper time. Factory conditions such as 
type of equipment, method, and speed of processing and 
cooling conditions determine the limits of firmness, softness, 
tackiness, plasticity, milling properties, and nerve of the 
reclaimed rubber required by the rubber goods manufacturer. 


Effect of Softeners in Alkali Whole-Tire Reclaim 


DicrsteR Process—Table I shows some of the chemical 
and physical tests ordinarily run on samples of reclaim. 
Three experimental reclaims were prepared from the same 
lot of whole-tire scrap by the alkali process. In one case 
no oil was used for softening purposes, in the second 4 per 
cent of pine tar was added, and in the third 4 per cent stearic 
acid. The same amount of 6 per cent sodium hydroxide 
solution was used in each experiment. The samples were 
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devulcanized 14 hours at 160 pounds (4.2 kg. per sq. cm.) 
steam pressure. As indicated by the comparative chloro- 
form extracts and plasticity coefficients, the first reclaim 
was dry and harsh. It was very slow to break down on the 
mill and difficult to keep around the roll until broken down. 
The second reclaim using pine tar was much softer. Its 
consistency was about the same as that of an average high- 


Errect QF Stearic Acio 
Fieure 
Cure 287°F. 


/Sal 


“Texsine- Les, 


Je Exongation 


grade whole-tire reclaim. The curing properties are im- 
proved. The third reclaim using stearic acid was also dry 
and harsh. On the mill it broke down slightly better than 
the reclaim containing no softener. The stearic acid is 
practically all converted to sodium stearate in the alkali 
process. This has no softening action and under these 


Errect Oj Stearid Acip And Cray 


Tensine hes /Sa.In. 


ELonearion 


conditions has a drying action and removes all trace of “tack.” 
This effect is obtained quite generally with the fatty acid 
soaps. In the alkali process of reclaiming, stearic acid does 
not have an opportunity of functioning as a softener because 
it is immediately converted to a soap. In the preparation of 
heater or digester reclaims in which no caustic soda is used, 
stearic acid functions as a softener. 

Heater Process—Table II shows physical test data on 
three reclaims prepared by the heater process. The fiber-free 
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ground treads were heated for 16 hours at 130 pounds (9.1 
kg. per sq. cm.) steam pressure without softener and with 
5 per cent of pine tar and 5 per cent of stearic acid. The 
stock softened with pine tar approached proper consistency 
while the reclaim made without softener and the reclaim made 


OF Acio Anb Waiting 
chain | Ficure 
Cure Ar 287°F, 


Tensine - kes/Sa. Iw. 


with stearic acid were quite harsh. The reclaim using stearic 
acid was more plastic in its milling properties than the re- 
claim using no softener. It was smoother and more compact 
with less tack than the sample using pine tar although not so 
plastic. 
Table I—Effect of Softeners in Alkali Whole-Tire Reclaim—Digester Process 


Acetone 8.25 8.38 8.63 9. 
Ash 18.14 18.26 16.83 16.80 
Chloroform 25.40 24.90 x 25.98 25.15 
Plasticity, K 5.73 4.68 6.01 


Reclaim 100, oulfur 5%. 


Tensile Tensile 
Elong. Set strength Elong. Set strength Elong. Set 
Kg./ Lbs./ 
cm.2 in.? 


% 


420 
390 
367 
360 
370 


STRESS-STRAIN 
Kg./ Lbs./ 


cm.2 in.? 
10.4 148 
20 1 


29 
36.6 520 
Effect of Stearic Acid Added to Plasticized Rubber 


The second use for stearic acid is for incorporation into the 
reclaimed rubber after devulcanization. After treatment in 
the digester, the plasticized rubber is washed, dried, and sent 
to the mill room for the refining, straining, and leaf sheeting 
operations. The softener may be added at any convenient 
time after washing. Prior to refining a softener may be 
added in an internal mixer to effect further plasticization or 
to facilitate dispersion of a pigment which is to be refined 


|_| 
Z| 
Susrur | 
7. Exoneation. 
% % % % % % 
at 
141.6° Tensile 
Cc. strength 
Kg./ Lbs. 
Min. 
15 60.1 713 23 59.4 844 435 22 44.5 634 387 15 
20 43.8 623 15 55.0 780 410 16 39.6 564 325 11 
25 37.7 536 12 43.8 623 340 13 37.8 538 350 12 
30 37.1 528 12 46.0 654 340 12 35.4 6503 317 11 
35 40.5 576 10 48.2 685 370 15 36.8 524 320 10 
Elong. Kg./ Lbs. Kg./ Lbs./ 
100 171 10.4 148 . 
200 
300 


630 
into the reclaim. ‘Ihe reclaim now has a low alkali content 
and the stearic acid in this case acts as such and imparts 
to the reclaim some very desirable properties. Approximately 
four volumes of various pigments were refined into a whole- 
tire reclaim with and without addition of stearic acid to de- 
termine the effect of stearic acid on physical properties, 
plasticity, etc. 
Table II—Effect of Softeners in a Heater Process Tire Reclaim 
No SorreNeR 5% Tar 5% Sr#aric Acip 
Devulcanized 16 hours at 130 Ibs. (9.1 kg. per sq. cm.) 
Acetone 
Ash 
Chloroform 18.39 


Specific gravity 1.132 
Cure Reclaim 100, sulfur, 5% 


at 
—_ Tensile Tensile 


Tensile 
strength Elong. Set strength Elong. Set strength Elong. Set 


K 
Recovery, per cent 


Figure I illustrates the curing properties of two reclaims 
made from whole tires by the alkali process. In one case 
the reclaim was refined with no addition of pigment or softener 
on the warm-up mill and in the other case with 2 per cent of 
stearic acid added. The stearic acid improves the curing 
properties. The tensile strength is improved and the stress- 
strain curve indicates better reénforcing properties. The 


Table I1I—Value of Stearic Acid in Reclaim for Activation Purposes 
in a Compound 
Stearic Acip Srearic Acrp 
ADDED TO COMPOUND PRESENT IN RECLAIM 


Smoked sheets 15 15 
Reclaim, 2 per cent 
stearic acid es 50 
Reclaim, no stearic acid “a 
27.8 
2 
0.2 


100.0 


Cure at Tensile . Tensile 
141.6° C. Strength ¥ Strength Elong. Set 


Min. Keg./cm.2 Lbs./in.? Kg./cm.2 Lbs./in2 % 
513 
503 


500 
480 
450 
437 
per cent alkalinity as NaOH after 48 hours’ extraction was 0.30 
per cent on the control and 0.24 per cent when stearic acid 
was added. 


Figure II shows two reclaims containing 10 per cent of 
clay added prior to refining on the warm-up mill, with 2 


P 
Stearic acid 


Kg./ Lbs./ Kg./ Lbs./ Kg./ Lbs./ 
Min. cm? % % cm.2 int % cm? in? % 
15 25.7 366 290 8 25.7 366 357 8 . 28.8 410 297 10 
20 26.0 369 250 4 24.0 341 303 4 28.9 411 255 6 
25 28.6 407 243 4 30.5 434 310 7 32.8 466 247 9 
30 29.9 425 215 2 29.2 415 260 4 31.5 448 227 6 
40 29.4 418 187 4 32.9 468 220 4 33.2 472 200 5 
50 31.4 446 205 4 33.1 471 230 4 35.2 500 180 3 
4.00 5.74 4.21 
1 
100.0 
% 
36 
34 
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per cent of stearic acid added in one case. The same im- 
provement is noted asin FigureI. Figure III gives the same 
comparison as Figure II, except that whiting was added 
instead of clay. Figure IV shows the comparison with 7.5 
per cent of carbon black added. 

Figure V shows a comparison of plasticity coefficients of 
the eight reclaims, four with and four without stearic acid. 
Each stock containing stearic acid is more plastic than the 
one without stearic acid, the difference being less marked in 
the stocks containing carbon black. These plasticities were 
run on the day following the refining operation. 

Table III shows a comparison of plasticity coefficients 
taken a week later as against plasticities taken the day 
after the refining operation. The recovery results were ob- 
tained by measurement of the increase in thickness of the 
plasticity disk during the 10 minutes following its removal 
from the Williams plastometer. It is expressed as percentage 
increase in thickness. This result is a measure of the nerve 
of the reclaim. The recovery or nerve is less in the stocks in 
which stearic acid was used. The reduction of nerve in re- 
claimed rubber improves the tubing and calendering proper- 
ties of compounds in which it is used. Stearic acid is valu- 
able for this purpose because it accomplishes this result 
without the production of further “tack.” 


Effect of Stearic Acid in Compounds Containing 
Reclaimed Rubber 


Table IV gives Errectr Axo Carson 
comparison of physical On + Fieure 


test data of two com- Cony Air 


stearic acid. In one a) | 
case stearic acid was 
present in the reclaim Z 

and in the other case it - 
was added in the com- 


pound. Physical tests 


VA [42 


Tensiue- has/SaIn 
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indicate that stearic 109. 
acid present in re- F — 
claimed rubber is valu- 
able for activation of Suerun | 


Captax. 


Table IV—Effect of Stearic Acid on Plasticity of Reclaimed Rubber 
Srgaric AciIpD AND PIGMENT ADDED PLasticity Pwasticity K 


TO WHOLE-TIRE RECLAIM 100 K AFTER 1 WEEK RECOVERY 
None 4.32 4.86 4.17 
Stearic acid 2 3.62 4.49 3.70 
Clay 10 4.67 5.05 4.57 
Clay 10, stearic acid 2 4.24 5.19 2.60 
Whiting 10 4.45 4.57 3.85 
Whiting 10, stearic acid 2 3.86 4.71 1.22 
Carbon black 7.5 5.41 6.08 3.08 
Carbon black 7.5, stearic acid 2 5 6.04 2.35 
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After plastizing, it is often desirable to add a softener on the 
mill to reduce excessive “tack” to metal rolls. Stearic acid 
reduces tack in plastic reclaims and gives stocks which have 
a minimum amount of nerve. They break down readily 
with little tendency to go to the back roll or become mushy 
and difficult to remove from the mill. The improvement in 
curing properties of reclaimed rubber produced by the addi- 
tion of stearic acid indicates that the use of stearic acid in 
compounds containing reclaim would produce a similar im- 
prevement This has been found to be true. In compounds 
containing substantial amounts of alkali process reclaim, a 
low sulfur and a high accelerator ratio, there is sometimes a 
rapid reversion causing blowing after the proper cure has 
been reached. Compounds containing stearic acid show less 


Ficure 


bad 


tendency to reversion under these conditions than compounds 
containing other softeners. 


Conclusions 


1—Stearic acid does not compare with other softeners in 
plasticizing efficiency when used in contact with vulcanized 
rubber scrap during devulcanization. 

2—Stearic acid when added as a softener to devulcanized 
scrap on the mill prior to refining imparts properties which 
are very desirable. (a) Makes the reclaim batch more plastic, 
(b) improves tubing and calendering properties, (c) reduces 
nerve without production of excess tack, (d) improves curing 
properties (higher tensile strength, higher modulus, and 
improved molding properties) of reclaimed rubber, (e) when 
pigments are added it gives better dispersion with improved 
physical properties. 

3—Stearic acid when used in compounds containing re- 
claimed rubber improves the curing properties of these 
compounds. 
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Adsorption of Stearic Acid by 
Carbon 


J. T. Blake 


SrmpLex WrirRE & CABLE Co., Boston, Mass, 


enforcement was presented in which a reénforcing filler 

was defined as one which forms a bond with the rubber 
matrix that is stronger than the matrix itself. At the same 
time the mechanism of filler dispersion was discussed and it 
is the purpose of this paper to amplify that discussion. 


[: A PREVIOUS paper (1) a new theory of pigment re- 


It is well known that there are certain materials occurring 
naturally in raw rubber or that may be deliberately added, 
such as stearic acid, which are responsible for the satisfactory 
dispersion of fillers. Harkins’ ideas on dispersions may be 
applied to the situation. 

Plantation rubber contains approximately 2 per cent fatty 
acids, chiefly stearic. These fatty acids are polar compounds 
containing a long hydrocarbon chain and an end carboxyl 
group. According to Harkins this sort of material is an excel- 
lent dispersing agent. When such a dispersing agent is 
used in rubber, the carboxyl group is attached to the surface 
of the filler particle and the hydrocarbon chain is dissolved in 
the rubber hydrocarbon. This covers the surface of the 
filler particle with a monomolecular film of the dispersing 
agent, each molecule being rigidly oriented. The result of 
such an action is twofold: it separates each particle from 
the others by the rubber matrix and causes the matrix to ad- 
here firmly to the surface of the filler. 

By taking into account the size of the filler particles and the 
molecules of the dispersing agent, it is possible to calculate the 
amount of material required to disperse a given quantity of 
filler in rubber. 

The dispersion of carbon black in rubber is usually incom- 
plete when more than 30 volumes are incorporated in 100 
volumes of rubber. The amount of stearic acid necessary to 
produce a perfect dispersion of that amount of filler is cal- 
culated to be 1.95 per cent on the rubber. There is approxi- 
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mately 2.2 per cent naturally occurring fatty acids in the rub- 
ber, a very good agreement with the theory. 

If this is the mechanism of the dispersion, certain deductions 
may be made. When carbon black or any other filler is 
dispersed in rubber, the fatty acid is adsorbed on the filler 
surface; in other words, the filler is wet by the acid and not 
the rubber hydrocarbon. The change in heat content when 
a filler is mixed into rubber should therefore be the heat of 
wetting of the filler by fatty acid and not by the rubber hy- 
drocarbon. 

The heat of wetting of carbon by fatty acid has been 
found by Gaudechon (2) to be 6.0 calories per gram of carbon. 
Hock (3) has found the heat of wetting of carbon black by 
rubber to be 5.1 calories per gram of carbon at 30 volumes 
carbon per 100 volumes of rubber. The agreement between 
these figures is satisfactory, but it is desirable to check this 
value by an independent method. | 


Determination of Cohering Voltages 


The determination of cohering voltages has recently at- 
tracted attention as a new method of studying adsorption. 
The cohering voltage of a material is the voltage required to 
remove an adsorbed film of it from a surface. 

This cohering voltage is measured in a coherer, which con- 
sists of a glass bulb containing two touching electrodes. The 
electrodes may be of tungsten, platinum, or carbon. . They 
are glowed out in a high vacuum to remove all previously ad- 
sorbed material. The material whose cohering voltage is 
to be measured is admitted and allowed to become adsorbed 
on the surface of the filament electrodes. If a low voltage is 
applied to them, they are found to be completely insulated 
from each other by the adsorbed film. A definite voltage is 
applied to the film by charging a condenser to this voltage 
from a potentiometer and connecting it to the electrodes. 
The junction is then tested for conductivity by means of 
the very low voltage of a heated thermocouple in series with 
a galvanometer. If increasing voltages are successively 
applied to the electrodes, a definite voltage is found at which 
the junction ceases to be an insulator and is electrically con- 
ducting. The film of material has been desorbed from the 
electrode surface. The applied voltage has swept off the 
adsorbed molecules. This critical voltage is the cohering 
voltage and has a definite value for each adsorbed material. 
It varies from a small fraction of a volt to 10 or 12 volts. 
Non-polar hydrocarbons, such as pentane, have very low 
values (0.4 volt), while water, which is a strongly polar mole- 
cule, has a value of 11 volts. 


Calculation of Energy Relations of Heat of Desorption 


This voltage is thus a measure of the force of adsorption of 
the film involved. The exact mechanism of the desorption 
is not known, but the energy relations may be calculated 


635 


closely. If the size of the molecules in the adsorbed film, 
the dielectric constant of the material, etc., are known, it 
becomes possible to calculate the heat of desorption. This 
value is of course equal and opposite in sign to the heat of 
adsorption. 

The total heat of desorption of one mol of a substance is 


2 


where Hm = heat of desorption of one mol 
A = rea occupied on the surface by one mol in 
square centimeters multiplied by 10'* 
E = critical or cohering voltage 
K = dielectric constant of material in adsorbed film 
Z = molar latent heat of evaporation of material of film 
d = half thickness of the film 


For an oriented film the film thickness is the length of the 
molecule. Since in an homologous series adsorption occurs 
with the same chemical group, the ratio between EH? and the 
length of the molecule in carbon atoms should be a constant. 
Palmer (5) has recently measured the value of this ratio for 
a series of fatty acids and finds it to be 4.2. For a series of 
alcohols the value is 4.4, implying that the adsorption is 
quite similar. It would seem that the active group in a fatty 
acid is the hydroxyl as in an alcohol. From the above rela- 
tion stearic acid should have a cohering voltage of 8.9 volts, 
since it has an equivalent length of 19 carbon atoms. 

The molar heat of vaporization may be estimated quite 
accurately for stearic acid at 13,930 calories by Trouton’s rule. 
Its dielectric constant was measured in this laboratory at 1000 
cycles.at 25° C. and found to be 2.27. The values of A and 
d are given by Langmuir (4) as 22 and 12.5 square Angstrém 
and Angstrém units, respectively. From these values the 
total heat of desorption which equals the heat of adsorption is 
calculated to be 64.5 calories per gram of stearic acid. Using 
this value, it may be calculated that if rubber contains 2.2 
per cent fatty acids and 30 volumes of carbon black may be 
successfully dispersed in 100 volumes, the heat of wetting of 
the carbon black by stearic acid is 4.7 calories per gram of 
carbon. Thus the heat of dispersion as calculated from co- 
hering voltages checks Hock’s experimental value of 5.1 
calories and in turn is checked by Gaudechon’s value of 6.0 
calories for the wetting of carbon by acid. Additional 
evidence is thus given that the heat of wetting of carbon by 
rubber is the heat of adsorption of fatty acids by carbon. 
The agents that disperse carbon black in rubber are the natu- 
rally occurring fatty acids, principally stearic. 


Conclusion 


The equations used in the calculations are based on the 
assumption that the adsorbed molecules are dipoles and are 
adsorbed in an oriented condition. That the values check 
is evidence that the proposed theory of dispersion is correct 
and that the dispersing agent is in an oriented condition on 
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the surface of the filler particle. It is possible to calculate 
that the center of the dipole axis is 4.2 Angstroms from the 
filler surface. Since this value is but 20 per cent of the 
length of the stearic acid molecule, the carboxyl group is the 
chief contributor to its dipole moment. This would imply 
that the length of the hydrocarbon chain is probably not criti- 
cal so far as the dispersing properties of a fatty acid are con- 
cerned, 

The mechanism of the successful dispersion of fillers other 
than carbon black should be essentially the same. The whole 
theory throws much light on the essential part that the natu- 
rally occurring fatty acids and added stearic acid play in the 
dispersion of carbon black in rubber and explains why the 
addition of small amounts of stearic acid to rubber, especially 
to rubbers deficient in the naturally occurring dispersing 
agents, tends to produce a better and more uniform product. 
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Discussion 
C. R. Boggs 


Doctor Blake has suggested a theory for the mechanism 
of filler dispersion and reénforcement. However, he deals 
only with carbon black in rubber. Carbon black is the most 
important reénforcing ingredient we have for a tire-tread 
compound. Being a conductor, it cannot be used in appreciable 
quantities in insulation. We might consider the possibility 
of finding a non-conducting reénforcing filler for insulation and 
also what should be done when the present supply of natural 
gas is depleted. What is needed is a material similar to clay 
which is cheap and has a small particle size. With present 
dispersing agents, clay does not, however, reénforce rubber 
to anywhere near the extent that carbon black does. 

For a filler to reénforce satisfactorily it must be well dis- 
persed and adhere firmly to the rubber. The correct dispersing 
agent should bring this about. This agent should be a polar 
compound. One portion of the molecule should be soluble 
in the rubber hydrocarbon and another portion should be capable 
= — adsorbed by and adhering strongly to the surface of 

e clay. 

It would be laborious to mix clay in rubber with every 
material that might fulfil the above requirements for a dispersing 
agent and then test the product. What is needed is a relatively 
quick laboratory method of testing that will parallel the action 
of the filler in rubber. Two methods suggest themselves. 
The first one is that of determining the cohering voltages of 
various polar compounds on a clay surface. Unfortunately, 
clay is a non-conductor and is not adapted to use as electrodes 
in a coherer. The second method would consist of making a 
stiff paste of the filler with kerosene. The addition of a small 
amount of a suitable dispersing agent would thin the paste to a 
mobile liquid. Kerosene, being a long-chain hydrocarbon, 
should resemble rubber as a dispersing medium and the experi- 
ment should be analogous to the dispersion of the filler in rubber. 
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We have made a number of mixes of clay and kerosene and 
added various dispersing agents. Seventy-five per cent nitro- 
benzene by weight on the clay did not produce a satisfactory 
dispersion. Although the nitrobenzene is a strongly polar 
compound, no part of the molecule is apparently adsorbed by 
the clay. Twenty-two per cent stearic acid did produce a good 
dispersion, while only 2 per cent wool grease was required to 
reduce the stiff paste to a thin liquid. These results indicate 
that a small quantity of wool grease would transform clay to a 
strong reénforcing filler in a rubber compound. Rubber-clay 
compounds containing 2 per cent wool grease on the filler were 
mixed andcured. Their physical properties were not appreciably 
different from the same compounds without the wool grease. 
In other words, the kerosene experiment is not parallel to con- 
ditions in the rubber compound. 

Present laboratory methods for examining dispersing agents 
are inadequate for the development of new ones and improving 
the ones we have now. New methods should produce materials 
that would do the same thing for other fillers that stearic acid 
does for carbon black. More theoretical work on adsorption 
and dispersion should develop new reénforcing fillers and be of 
great benefit to the rubber industry as a whole and the wire 
trade in particular. 


[Reprinted from Industrial and Engineering Chemistry, 
Vol. 21, No. 8, page 732. August, 1929.] 


Stearic Acid in Litharge-Cured 
Rubber Compounds 


J. R. Sheppard 
THE EaG.Le-PIcHER LEAD CoMPANY, JOPLIN, Mo. 


T HAS been known at least since 1912 that the resins 
I present in crude rubber are essential to vulcanization 
with litharge. In that year Weber (4) reported that 
deresinated rubber will not cure and concluded that “resins 
play an active part in the vulcanization;” but he formulated 
no theory of the way in which they function. At that time 
the composition of the rubber resins was not so well known 
as now. In 1916 Stevens (3) verified Weber’s conclusions, 
but believed his findings supported the Esch and Auerbach 
(2) theory that litharge accelerated vulcanization through 
the rise in temperature occasioned by an exothermal reaction. 
It is now well understood that resins promote vulcaniza- 
tion through their content of organic acid. It was proposed 
by Bedford and Winkelmann (/) in 1924 that litharge vul- 
canization proceeds by the following steps: (a) reaction of 
lead oxide with an organic acid (naturally present in the 
resin or added during the mixing) to form a rubber-soluble 
soap; (6) reaction of the lead soap with hydrogen sulfide 
to form a hydrosulfide salt or a hydrosulfide; (c) reaction 
of the latter with sulfur to form a disulfide and then a poly- 
sulfide; (d) decomposition of the (unstable) polysulfide to 
yield a very active form of sulfur—the ultimate vulcanizer. 
The polysulfide theory has been generally accepted as ac- 
counting adequately for the known facts. 

It is clear, then, that the efficiency of litharge as an accelera- 
tor is absolutely dependent upon the existence of an organic 
acid in the rubber as mixed. The mere statement of this 
general principle, however, by no means gives the compounder 
all the information he desires in the matter of organic acids 
as related to litharge curing. Various questions of practical 
importance arise. In the present paper an attempt will be 
made not comprehensively or systematically to survey all 
these numerous questions, but only to illustrate a number 
of scattered but specific cases. It is advisable not to gen- 
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eralize too broadly, but to confine the conclusions to the 
particular conditions applying to each case. 


Low-Grade and High-Grade Crude Rubbers—High Zinc 
Oxide Stock ah 


Several years ago the writer made a study of various 
softeners in a high zinc oxide litharge compound, using the 
formula: 


Rubber 100 
Sulfur 8 
Litharge 20 
Zinc oxide 100 

tener 5 


Two series of stocks were made up, one using a typical “high- 
grade” crude (smoked sheet) and the other a “low-grade” 
wild rubber (Lapori). Each series was master-batched up 
to the point of adding the various softeners, which were 
added to portions of the master batches on the laboratory 
mill. The stocks were vulcanized in the press at 141° C. 
(40 pounds steam) over a series of cures in order adequately 
to develop the optimum cure and to show the effect of the 
various softeners on the two grades of rubber. Stress- 
strains were determined on all the vulcanizates. 

The results were entirely different for the two crudes, as 
will be seen from Tables I and II. In Table I the physical 
properties of the stocks of the Lapori series at their optimum 
cures (defined by maximum energy) are shown. While the 
control mix (without softener) came to an optimum in 150 
minutes with a tensile of 2115 pounds per square inch, most 
of the softeners reduced the time to reach optimum and 
raised the properties at optimum. This table should not be 
used to draw fine distinctions between two given softeners, 
particularly where they are close together in the table. But 
the outstanding fact is that those softeners which are either 
acids or salts, or contain an acid, and which therefore can 
bring the lead into solution in the rubber as a salt, are the 
ones which significantly aided the cure. 

On the other hand, in the corresponding data for the smoked 
sheet series we find no enhancement of cure by any of the 
softeners. As measured by time to reach optimum and (or) 
properties at optimum, most of the softeners inflicted some 
damage (slight or moderate). It should be noted, however, 
that this damage in the case of smoked sheet is distinctly 
less than the benefit conferred by the acid class of softeners 
on Lapori. 

A further insight into the results themselves is furnished 
by Table II, giving the stress-strains for all the cures on 
both Lapori and smoked sheet compounded without and with 
5 per cent stearic acid. The data for Lapori emphasize how 
far apart in their properties the control stock and the stearic 
acid stock are at a given cure. For example, on this basis 
stearic acid about doubled the modulus of Lapori. The 
presence of bloom up to 180 minutes without stearic and its 
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disappearance between 60 and 90 minutes with stearic further 
confirm the accelerating effect of this acid. 
In sharp contrast to these are the results on smoked sheet. 
Here there is, if anything, a retardation of cure by stearic 
and at a given cure the modulus is greatly lowered, although 
the tensile is not much affected. This serves to emphasize 
that the observed stiffening of the Lapori vulcanizate is the 
net result of two opposing tendencies: (a) a stiffening due 
to the enhancement of the cure, consequent in turn upon 
the acid bringing more lead into the available, soluble form; 
(b) a softening quite analogous to that of any non-acidic 
softener such as mineral oil or mineral rubber. What the 
net result will be in a given case depends upon the magnitude 
of the two component effects. Where, as in many low-grade 
crudes, the natural resin content is low or deficient in acid, 
an addition of stearic acid, oleic acid, pine tar, or similar 
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material greatly accelerates otherwise slow curing and en; 
hances otherwise low properties; on the other hand, where 
the natural acid content is relatively high, a further addition 
shortens the time of cure little or none (it may retard) and 
the resulting observed effect is likely to be a distinct softening 
at a given cure. 

The effect of the softeners on set should be noted. This 
was measured on specimens broken in the course of deter- 
mining stress-strains and was taken from 5 to 10 seconds 
after the break. With few exceptions set was increased by 
the softeners, this being true for both grades of rubber but 
more marked with smoked sheet. This phenomenon is- 
doubtless closely allied to softening action, both being ex- 
pressions of the reduction of elastic properties. Hardwood 
pitch—which, however, only moderately enhanced the curing 
of Lapori—in the case of both grades of crude had about the 
least: effect on set. 
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There is little doubt in the writer’s mind that a smaller 
quantity of softener than used throughout the present series 
would, in the case of the more active ones at least, have fur- 
nished maximum activation. It is clear that it is useless 
to go beyond a certain limit which, in so far as curing con- 
siderations are concerned, is perhaps nil for standard smoked 
sheet. and for the present type of formula. In the case of 
Lapori, perhaps from 2 to 3 per cent of stearic acid would 
have yielded maximum activation. To exceed the limit for 
full activation means to increase the softening action on the 
vulcanizate. 


Stearic Acid in a Pure Gum and a Gas Black Stock 


In the remaining cases we are dealing with smoked sheet, 
which normally does not require an addition of acid in so 
far as enhancement of cure with litharge is concerned. Tables 
ITI and IV illustrate this, Table III showing results for a pure 
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gum mix and Table IV for a gas black stock. The pure gum 
stock (49A2) with 1 per cent of stearic acid follows closely in 
its properties that with no added acid (49A1), and has an 
identical rate of cure. There is a very slight softening effect 
on the part of the stearic. 

With gas black stearic improved the tensile significantly. 
As the object was to determine not the dispersing action of 
the stearic on the black, but rather the effect on curing, the 
softener was so added as to minimize any benefit it might 
confer on dispersion; i. e., the rubber, sulfur, black, and 
litharge were master-batched and 4 per cent stearic was 
subsequently milled into half of this batch to yield 49A5. 
There is meager, and only meager, evidence of enhancement 
of cure by the stearic. The increase in tensile at all cures, 
on the other hand, is distinct; it is due to increased elonga- 
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tion (not stiffness), and probably represents improved dis- 
persion, notwithstanding the precaution to the contrary. 

Why have we only a slight softening of the gas black stock 
by 4 per cent stearic (assuming that the softening exhibited 
by Table IV is significant at all), while in Table II for smoked 
sheet 5 per cent stearic cut the modulus in half; and why 
with the black have we evidence of (slight) activation of 
cure but with zine oxide appreciable retardation by the 
stearic added? Two possible explanations suggest them- 
selves: (1) With gas black an appreciable part of the stearic 
may be adsorbed, leaving only the free part to soften the 
rubber phase. If this is the case, then conceivably there 
was a moderate deficiency of free organic acid in 49A4 which 
was made up in 49A5 by the added acid. A much smaller 
adsorptive effect is to be expected from the zinc oxide. (2) 
Probably the dispersion of the black was improved by the 
stearic, introducing thus a stiffening factor which would 
operate against the softening action of the stearic on the 
rubber phase. If so, with zine oxide there would be no 
corresponding stiffening factor consequent upon improved 
dispersion and higher reénforcement, since zinc oxide dis- 
perses readily without added stearic. 


Stearic Acid and Litharge in Conjunction with Mercapto- 
benzothiazole 


The observations made above are on stearic acid in stocks 
accelerated by litharge. It is of interest to note what obtains 
when litharge is used in conjunction with an organic accelera- 
tor as an “activator,” analogously to zinc oxide. For this 
purpose mercaptobenzothiazole (Captax) was employed, since 
(a) litharge strongly activates this accelerator and (0) it is 
well known that when zinc oxide is used as the activator a 
full curing propensity is highly dependent on stearic acid, 
especially in the presence of gas black. 

Two base stocks were master-batched: 


Pure Gum BASE Gas Buack BASE 


Smoked sheet 100 Smoked sheet 100 

Sulfur 4 Sulfur 4 

Captax 0.75 Captax 0.75 
Gas black 45 


Each stock was then subdivided into four parts each and to 
these portions the following additions were made: 


Litharge 8 
Litharge 8 
Stearic acid 4 
Zinc oxide 10 
Zinc oxide 10 
Stearic acid 4 


Thus there were studied all the combinations which arise 
from varying the following items: 


Reénforcement (and concomitant ad- . 

sorptive effects) Pure gum vs. high gas black 
Activation Litharge vs. zinc oxide 
Acidic softener (added) Stearic absent vs. stearic present 
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It will be noted that here, as in an earlier experiment, the 
stearic was added after the milling of the gas black into the 
gum, in order to influence dispersion in a minimal way. 
These eight stocks were then press-cured over a range at 
141° C. (40 pounds steam) and at 130° C. (25 pounds steam) 
and stress-strains were determined on all vulcanizates. 

The complete physical data including tensile product 
(T. P.) and energy are displayed in Tables V to VIII, and 
certain of these data are, for readier assimilation, graphed 
in Figures 1 to 4. In the graphs will be found breaking ten- 
siles, elongations, and moduli, the latter being represented 
by tensiles at 600 per cent elongation (7's) for pure gum 
stocks and at 400 per cent elongation (7'm) for gas black 
stocks. Each graph is based directly on one of the tables— 
for example, Figure 1 on Table V, 2 on VI, etc. The curves 
obtained with and without stearic acid (other conditions being 
constant) are superimposed in the same space (stearic present 
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represented by solid lines, stearic absent by broken lines). 
In this way the effect of stearic acid in a given set of conditions 
is observable at a glance. In reading the graphs due account 
of the logarithmic time scale should be taken. 

The outstanding result is that the behavior of the litharge- 
Captax combination toward stearic acid is in sharp contrast 
to that of the zinc oxide-Captax combination. The former 
is seen to be relatively independent of added stearic for its 
activity, coming to approximately full properties without the 
acid; the latter is highly dependent on, and produces its 
maximum results only with, added acid. These general con- 
clusions hold for both the pure gum and the gas black stocks, 
though more pronounced for the black. 

Examining the graphs in detail we find as follows: In Figure 
1 (pure gum mixes cured at 141° C.), in the case of litharge 
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the tensile and modulus are appreciably raised by stearic acid 
but the properties as a whole are not changed so radically as 
in the case of zinc oxide. With the latter we have an other- 
wise low modulus greatly raised and an otherwise high elonga- 
tion considerably lessened, especially in the longer cures. 
These two effects on modulus and stretch influence the tensile 
oppositely so that it has not undergone any more change than 
it did with litharge. Notwithstanding the near-identity in 
the influence of stearic acid on breaking tensile in the case 
of the pure gum litharge and pure gum zinc oxide stocks, the 
dependence of modulus and elongation in the case of zinc 
oxide constitutes a difference in vulcanizing behavior which 
is significant from the practical standpoint certainly, and 
from the theoretical perhaps. Figure 2, displaying proper- 
ties on the same four stocks as Figure 1, but cured at 131° C., 
leads to the same conclusions. 

The conclusion, discernible on analysis of the pure gum 
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results, that there is a significant difference in the behavior 
toward stearic acid of litharge-Captax and of zinc oxide- 
Captax stocks, is confirmed by the data for the gas black 
mixes. Both Figure 3 (141° C. cures on gas black stocks) 
and Figure 4 (130° C. cures) show an almost complete lack 
of influence by added stearic when litharge is used for activa- 
tion but a marked dependence on the acid when zine oxide 
is used. For example, at 141° C. either with or without 
stearic, the litharge-activated stocks reached a tensile of 
4400 to 4700 early in the cure and maintained this value 
approximately unchanged to the 40-minute cure. On the 
_other hand, while the zine oxide stock with stearic showed 
a maximum tensile of 4540 reached in the 30-minute cure, 
without stearic only 2750 was reached (also in 30 minutes). 
Similarly, at 130° C. the litharge stocks, with or without 
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stearic, maintained a tensile of approximately 4400 to 4900 
over the curing range of 15 to 180 minutes. With zinc 
oxide and stearic a maximum of 4710 was reached in 60 
minutes, but without stearic a maximum of only 2440 was 
reached (in 120 minutes). 

There is obviously some, at least quantitative, difference 
in the mechanism of mercaptobenzothiazole acceleration in 
conjunction with the two oxide activators, a difference which 
is accentuated when to the gum there is added an agent 
which powerfully adsorbs the organic acid and (or) the 
accelerator. Of what this difference in mechanism consists 
we shall not attempt to say. Possibly it has to do with the 
extent to which lead and zinc, respectively, are made avail- 
able to the mercaptan so as to permit of mercaptide forma- 
tion, this in turn being influenced by the solubilities or mo- 
bilities of lead stearate and of zinc stearate; or, on the other 
hand it might have to do with a difference in the chemistry 
of the lead and of the zinc mercaptides after their formation. 

From the practical standpoint, a compound formulated 
along the line of 49B7 offers desirable qualities as a tread 
stock including high physical properties maintained over a 
wide range of cures. This sort of compound would appear 
also to be adapted to the present-day tendency toward low- 
temperature cures, with the advantage which that practice 
has of minimizing the damage to the rubber by heat. Be- 
cause the litharge-Captax tread stock cures fully without 
the addition of stearic acid, it is not to be inferred that none 
should be added. That depends on requirements other than 
curing which may demand this ingredient, including obtain- 
ing a proper dispersion of the black and a desirable plasticity 
for tubing or calendering. But the point is that the stearic 
can be regulated in whatever way satisfies these other con- 
siderations with the assurance that curing requirements 
will have been met incidentally. Possibly in this way the 
amount of stearic used in general practice in a tread could be 
reduced, resulting in a lessened tendency toward stearic acid 
blooming. 


Summary 


Although an organic acid is essential to vulcanization with 
litharge, smoked sheet usually has enough natural acid for 
full activation. For example, when 5 per cent stearic acid 
(or similar softeners) was added to a standard smoked sheet 
in a high zine oxide stock the properties were lowered. On 
the other hand, a “low-grade” rubber, Lapori, was greatly 
improved in a high zinc oxide formula by stearic and by other 
acids. 

Acidic softeners in a high zinc oxide stock increased set, 
even when they promoted vulcanization. 

In a pure gum litharge formula with smoked sheet, 1 per 
cent stearic had but little effect, while in a high gas black 
formula, 4 per cent stearic raised the tensile (probably due to 
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improved dispersion) but had no marked effect on rate of 
cure. 

When iitharge was used as the activator for mercapto- 
benzothiazole, stearic acid had but little effect either in pure 
gum or high gas black stocks. On the contrary, when zinc 
oxide was used proper curing was highly dependent on 
stearic, especially with gas black. The litharge-mercapto- 
benzothiazole compounds with gas black in tread stock 
proportions, either with or without stearic, yielded a high 
tensile over a wide range of cures. 
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Dispersion of Pigments | 
in Rubber—IT 


Ernst A. Grenquist 


‘THE Fisk RUBBER COMPANY, CHICOPEE MAss. 


A theoretical conception of the reénforcement of 
rubber by pigments has been developed. 

New experimental evidence has been presented which 
leads to a better understanding of the final dispersion 
and reénforcement of a rubber compound. It is shown 
that pigment reénforcement is influenced by (a) rubber 
structure, (6) the state of aggregation of proteins and 
natural resins, (c) the isotropic properties of carbon- 
black particles, and (d) the presence of recrystallized 
rhombic sulfur at the beginning of vulcanization. 


PREVIOUS paper (10)* described the distribution of 

particles in compounded rubber with special reference 

to agglomeration and flocculation. It was emphasized 
that a correct understanding of the final dispersion and reén- 
forcement of a rubber compound could only be obtained 
with a more thorough knowledge of the structure and physical- 
chemical properties of rubber and pigments themselves and 
of the nature of the vulcanization process. New experimental 
results in regard to these particular points are presented. in 
the following investigation. 


Theoretical 


Owing to lack of agreement in regard to terminology, a 
number of conceptions considered in this paper will first be 
defined and discussed from a rubber-compounding point of 
view. 

Surface energy or tension, free surface energy, interfacial 


1 Presented before the Division of Rubber Chemistry at the 76th 
Meeting of the American Chemical Society, Swampscott, Mass., September 
10 to 14, 1928. 

* Italic numbers in parenthesis refer to literature cited at end of article. 
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lension is the specific attraction existing at a surface. On ac- 
count of the unsymmetrical field of force surrounding mole- 
cules at a surface, the molecules adjust themselves in such 
manner as to give a surface of minimum potential energy. It 
is evident that energy must be added to a system of rubber and 
undispersed pigment if additional rubber and pigment surface 
or interface between rubber and pigment is to be formed. The 
greatest part of this energy is added in form of work. Since 
the work may be given back in contraction of the surface, 
this amount of energy is said to be preserved in the surface 
as free energy. Interfacial tension is a measure of the amount 
of free energy present in the interface. 

Wetting, adhesion tension, attraction (between rubber and 
pigment) is the decrease in free surface energy taking place 


Figure 1—No Breakdown. Microscopical Drawing Approxi- 
mately 5000 


when a rubber surface is brought in contact with a pigment 
surface forming an interface. 

Change in the distribution of pigments in a system rubber- 
pigment before reaching a state of equilibrium and a final 
degree of dispersion can be classified as follows: (1) aggrega- 
tion—by (a) agglomeration or (6) flocculation; (2) disag- 
gregation (dispersion)—by (a) disagglomeration or (b) de- 
flocculation. (a) is the tendency of unwetted particles to 
group or spread, whereas (b) is the same tendency of wetted 
particles. These changes can take place during the milling 
operations as well as during vulcanization. 

Different types of particles are encountered before final dis- 
persion is obtained in a rubber compound—primary particles, 
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the size and shape of which are regulated by the molecular 
forces of cohesion; secondary particles, those formed as a 
result of aggregation from primary particles. 

Relation between wetting, interfacial tension, and dispersion. 
Dispersing agents known in rubber compounding are sub- 
stances that reduce the interfacial tension between the pig- 
ment particle and the rubber. The smaller the interfacial 
tension the greater will be the attraction between the filler 
and the rubber. The intensity of the wetting or adhesion 
tension regulates the tendency to aggregation and conse- 
quently the dispersion. 

Both physical and chemical changes at the surface of the 
pigment particles may take place during milling and vulcani- 
zation which would influence the interfacial tension and 
cause changes in the permanent dispersion of the particles. 
That chemical changes actually occur at the surface of certain 
pigment particles during vulcanization has been shown by 
Pohle (22). 

On the other hand; Wiegand (29) points out that dispersing 
agents may profoundly affect the consistency of the rubber 
phase and that proper dispersion cannot take place when the 
viscosity of the rubber falls below a certain point. According 
to Hauser (12), certain pigments reach a maximum dispersion 
during milling followed by aggregation when the mastication 
is continued. The consistency of rubber is influenced not 
only by mastication and softeners, but also by various com- 
pounding ingredients, such as accelerators, antioxidants, 
and certain dry powders. The powders have been studied in 
detail by Hurlston (17). Finally, the application of heat 
and the action of sulfur during vulcanization produce the 
most pronounced changes in the consistency and strength 
of the rubber phase. 

According to theoretical considerations developed by Bar- 
tell and Osterhof (1) and experimental work by Hock (1/4) 
and others, different pigments would be wetted to different 
degree by the rubber, the wetting power being specific in its 
relation to a certain pigment. The wetting power would be 
a function not only of the surface energy of the rubber, but 
also of the specific attractions operating between the filler 
and the rubber at the interface. In rubber compounding the 
pigments to a great extent are forcibly inserted in the rubber 
by mechanical means and the pigment becomes wetted by 
the rubber to a certain definite degree, this being dependent 
upon the magnitude of the decrease in free surface energy. 
During the milling large amounts of free surface energy are 
developed and the surface of the rubber is brought in contact 
with that of the filler. The free surface energy of the inter- 
face is then more or less rapidly decreased by the specific forces 
in the filler and the rubber acting upon each other and wetting 
is procured. This may take place instantaneously or it may 
vary with the accumulation of surface-active substance in 
the interface. The point in the processing at which maximum 
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wetting occurs is not known. The degree of wetting seems 
to be low during milling and during the first part of vulcaniza- 
tion when the plastic flow of rubber reaches a maximum. 
The greatest possible surface developed during milling is 
the prerequisite for maximum decrease in surface energy or 
maximum transformation of work into a bond of filler-rubber, 
which is stronger than the cohesion of the rubber molecules 
themselves. 

From above considerations it would seem evident that the 
final reénforcement of a rubber compound is governed and 
defined by the following three fundamental factors: 


(1) The free surface energy of the system, a measure of 
which is the interface between rubber and pigment in square 
meters per kilogram of compound. This will be influenced to a 
considerable extent by the particle size, shape, uniformity, and 
dispersion of the pigments. 

(2) Intensity of wetting of the pigments by the rubber, or of 
rubber by the pigments. It can be expressed in the numerical 
difference in dynes per centimeter or ergs per square centimeter 
between the surface tension of the pigment against air and its 
interfacial tension against rubber, according to theories de- 
veloped by Bartell and Osterhof (1). This will be regulated by 
the dispersion, the nature of the rubber and pigment surfaces, 
and by surface-active substances adsorbed in the interface. 

(3) The strength of the rubber matrix in kilograms per square 
centimeter. This will be influenced by degree of polymerization, 
state of globular structure, action of dissolved substances and 
compounding ingredients. 


Microscopic Structure of Crude and Masticated Rubber 


Experimental results presented by Freundlich and Hauser 
(6), Sebrell, Park, and Martin (23), Van Rossem (27) and 
others indicate that ordinary rubber is a very closely packed 
mass of discrete latex globules. The increase in plasticity 
upon milling is due to their partial destruction. The milky 
whiteness characteristic of wet rubber is well known. The 
lyophilic protein layer between the latex globules absorbs 
considerable amounts of water, changing the index of refrac- 
tion of the structural phases. 

Samples of rubber were put through the mill to assure 
uniform thickness of approximately 2.50 mm. Two grams 
of each sample were then boiled with 100 cc. of water for 
different lengths of time. Slides were prepared as quickly 
as possible after extraction, by squeezing the sample between 
glass slides and sealing the edges with Canada balsam. Mi- 
croscopical examination of thin sections of rubber that has 
been thus treated with water gives indications in regard to 
its structure. Smoked sheets (Figure 1) that had been treated 
with water for only 4 hours showed a typical granular struc- 
ture under the microscope, interspersed, however, with clear 
homogeneous areas optically empty, indicating that the 
original structure had been destroyed to a certain degree 

' during coagulation and sheeting at the plantation and prob- 

. ably during the treatment with water and preparation of the 
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slides." Unmilled rubber that had been treated with water 
for 72 hours absorbed about 3 per cent of water (increase in 
weight). The water extract of the rubber became more and 
more acid with prolonged extraction, showing a pH of 5.2 
(colorimetrically) after 48 hours and 4.5 after 144 hours, indi- 
cating a decomposition of the natural resin glycerides and 
liberation of organic acid. . 

Blended sheets that had been broken down for from 2 to 
90 minutes showed a gradual destruction of the granular 
structure. The small rubber globules seemed capable of 
more resistance toward disintegration than the larger ones 
(Figure 2). Dead milled rubber did not give the opaque 
color, the granules had disappeared to a great extent, and 
the proteins now appeared in the rubber mass in form of large 
aggregates. The natural rubber resins also aggregated more 
and more during the milling operations. Rubber that had 
been extracted with acetone when treated with water showed 
the granular structure to have disappeared completely. 

These microscopical results verify certain observations 
previously made by Klein and Stamberger (18). These 
authors, however, worked with benzene solutions of rubber 
and not with the crude rubber itself, as in this investiga- 
tion. 

Crude rubber when mixed with sulfur and treated with 
water showed that introduction of sulfur into rubber also 
had brought about a destruction of the granular structure. 
Similar experiments made with compounds containing zinc 
oxide and carbon black proved negative, as the minute particle 
size of these pigments, which is considerably Jess than the 
diameter of the latex globules (0.1 to 0.5 micron as compared 
to an average of 2 microns for latex according to Hauser) 
hides the appearance of the globules and makes it impossible 
to conclude whether they still persist or are destroyed. Con- 
sidering the decrease in plasticity encountered in case of zinc 
oxide (17), it may be possible that the granules are destroyed 
to a greater or less degree. 


Carbon Black 


PartICLE S1zE AND SHapE—The question of particle size 
and shape of carbon black is of considerable importance and 
very little experimental work on this subject has so far 
appeared in the literature. Investigations by Spear and 
Moore (2/), Peterfi (20), and more recently Goodwin and 
Park (8,a and b), and Hock (15) show the difficulty in obtaining 
a complete dispersion of the black. The particle size of the 
pigment as dispersed in rubber is not necessarily the same as 
individual or primary particle size. In a previous paper (10) 
it has been shown that it is possible to distinguish between 
different types of black from the degree of pigmentation of a 
mixture of rubber and carbon black, containing 0.5 per cent 
of pigment. This method, however, gives an indication of 
the dispersability of the black but not of the ultimate particle, 
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size. The particle-size determination is extremely difficult, 
especially in case of different types of gas black. 

In order to study the individual particle size, several 0.1- 
gram samples of gas black have been dispersed in a mixture of 
ether-alcohol (50:50) with 0.01 per cent of saponin as protec- 
tive colloid and allowed to stand for 12 hours to obtain sedi- 
mentation of undispersed and aggregated material. The 
clear supernatant fluid was then examined ultra-microscopi- 
cally. It was found that the suspensions apparently contained 
individual, practically spherical particles which were esti- 
mated to range in an order of magnitude from about 15 to 
200 mu. 

The actual shape of the particles was studied, using an 
Aximuth stob (26). It was found that the suspensions con- 
tained both isotropic and anisotropic particles, the anisotropic 
having a much greater tendency to aggregation than the 
isotropic. The observation evidently conforms with unpub- 
lished work of H. Mueller, who by theoretical reasoning as- 
sumes a difference in the rate of coagulation between spherical 
and non-spherical particles. This perhaps explains variations 
in dispersability of different batches of the same black fre- 
quently encountered in rubber compounding. 

X-Ray Examination—Debye and Scherrer (3) have derived 
an equation connecting breadth of diffraction lines of crystal- 
line particles with particle diameter. X-ray experiments 
were performed to establish if this also holds true for carbon 
black. Previous work reported by Pickles (21) and Goodwin 
and Park (8a) mentions the same type of patterns with a 
breadth of line which follows the microscopically estimated 
order of particle size. 

X-ray photographs were taken of various types of black, 
the particle size of which was determined microscopically, 
the blacks being dispersed in rubber in a concentration of 30 
per cent. Practically identical patterns were obtained 
in all cases, probably due to a superimposing of rubber and 
pigment patterns, and it was not possible to discriminate be- 
tween the different samples, although the particle size of the 
various blacks probably ran from an average of 0.1 to 0.4 
micron. It also seems that the x-ray method gives indications 
only in regard to the ultimate unit particle or crystal, but not 
in regard to its distribution or dispersion. The same patterns 
were obtained both when the pigments were well and poorly 
dispersed. 

When these blacks were compressed in the form of powder 
in gelatin capsules for 2 minutes under 50 pounds (3.5 kg. per 
sq. em.) pressure and photographs taken the broadening of 
the diffraction lines mentioned by previous authors was ob- 
served with increasing particle size. In cases where the dif- 
ferences in particle size were very small the patterns became 
more and more alike, and in such cases it is necessary to 
measure the line breadth of the diffraction spectra photo- 
metrically to be able to discriminate between different 
samples. 
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The hexagonal symmetry of graphite (4, 5, 16) and the 
anisotropic particles observed ultra-microscopically in carbon- 
black suspensions seem to support claims that the blacks 
are composed of a mixture of crystalline and amorphous 
carbon. 

Werttine Capaciry—The wetting capacity of gas black 
was studied both in water suspension and in rubber. A 
series of buffer solutions was made up ranging from a pH of 
2.2 to 8, using Mcllvaine’s citric acid-phosphate standards. 
0.2 cc. of a 0.001 M solution of fuchsin and 50 mg. of gas black 
were added, and the suspension was incubated at 100° C. 
Triple-distilled conductivity water of a pH of 7.1 (colorimetri- 
cally) was used in this work. It was found that the dye was ab- 


Figure 2—20-Minute Breakdown. Microscopical Drawing 
Approximately 5000 x 


sorbed readily by the carbon black in buffer solutions on the 
acid and alkaline sides, but more slowly around the neutral 
point. The control solutions (buffer and fuchsin) did not 
show any alteration of the color. The same result was ob- 
tained when the pH of the aqueous medium was adjusted by 
addition of acid or alkali. It was concluded that the adsorp- 
tion power of carbon black reached a minimum around the 
neutral point and increased on the acid and alkaline sides, 
although there was no noticeable difference in the rapidity of 
absorption at a pH of 6 or that of 2. 

It was not possible to establish the presence of any water- 
soluble chemically active ingredients. When 1 gram of 
carbon black was digested with 100 ce. of boiling water of 
pH 7.1 under reflux for 1 hour and then filtered, there was no 
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change of the pH of the water. The alkali absorption of the 
black was 1.90 per cent (NaOH and phenolphthalein); the 
acid absorption none (HCI and phenolphthalein). The ace- 
tone extract was 0.18 per cent. 

The wetting of carbon black in compounded and cured 
rubber or the intensity of the bond pigment-rubber was 
studied. Microscopical sections of highly compounded tread 
stocks containing about 25 per cent of carbon black were 
prepared and studied under stretch. Small pieces of cured 
treads were stretched 200 to 300 per cent and placed in solid 
carbon dioxide until completely frozen. Small pieces of this 
stretched, hard, and frozen compound were now cut at right 
angle against the stretch, and, immediately before any re- 
covery had taken place, immersed in a solution of sulfur 
chloride in carbon bisulfide. The samples were hardened and 
sections prepared in the usual way. 


Figure 3—Crude Rubber at 140°C. 600 x 


‘The distinct white masses are resin aggregates. The black areas 
represent dust and impurities present in the rubber. 


The stretched microsections of cured carbon-black treads 
showed a marked formation of vacuoles elongated in the di- 
rection of stretch, indicating that the bond between pigment 
and rubber had been broken in various places, but chiefly 
around aggregates of black or other pigments. (See also 
Green, 9.) It was not possible to establish any change in the 
distribution or orientation of the individual carbon-black 
particles. This seems to conform with observations by 
Stamberger (25), who has come to the conclusion that with 
carbon black the adsorption probably involves the forma- 
tion of a new gel structure, the structure of the original 
rubber which has been destroyed by milling being in effect 


restored. 
Vulcanization 


The dispersion of pigments in rubber during vulcanization 
as reported in a previous paper has been further studied, but 
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in this case the whole process has been watched continuously 
under the microscope. Various compounds were cured in a 
steam-heated micropress developed by Hauser and Hune- 
morder (13). (See also Hauser, 11.) The investigations 
are not yet concluded, but a short summary will be given 
of the most important results obtained. 

CrupE RuspER—When unmilled smoked sheet was heated 
for 16 minutes at 140° C., distinct brownish masses began to 
appear in the focus of the microscope, indicating a gradual 
formation of resin aggregates (Figure 3). They showed no 
signs of melting or decomposition when the rubber was heated 
to 150° C. or above. The resin glycerides evidently are ad- 
sorbed originally in a highly dispersed state on the surface 
of the latex globules and probably to a great extent remain 
in such a state when the coagulation process is concluded. 
The formation of resin aggregates seems to be due to a de- 
struction of the rubber structure by heat in the same manner 
as during mastication. (Compare with section on micro- 
scopic structure. See also Fry and Porritt, 7.) The solu- 
bility and chemical reactivity of these aggregated resins are 
naturally decreased to a great extent when they change from 
the highly dispersed to the aggregated state. The crude 
rubber exhibited a pronounced plastic flow during the heating, 
which ceases very slowly.” 

RvuBBER AND SuLFuR—The mobility of the rubber comes 
to a very sudden stop during the first minutes of heating if 
sulfur or sulfur and accelerator are added to the system, as 
has been also brought out by Hauser (11). Aggregation of 
resin crystals takes place when rubber is heated with sulfur, 
and in addition there seems to be a crystallization of various 
mineral matter. In this case, however, the resin aggregates 
show dissolution and disintegration to a certain extent and 
it seems that a reaction takes place between the rubber resins 
and the sulfur (28). 

During milling some of the sulfur particles are dissolved 
in the hot rubber on the mills and crystallize out in form of 
small rhombic crystals when the mass cools (Figure 4). These 
rhombic crystals disappear (Figure 5) during vulcanization 
at a low temperature, around 60° C., without any noticeable 
melting, as was established by using an electrically heated 
“Quetschkammer,” where the temperature could be raised 
gradually from room to vulcanization temperature. They 
seem to sublime directly into the rubber. This fact is of 
importance as solution of sulfur in rubber evidently is a pre- 
requisite of vulcanization. The large undissolved particles 
slowly assume a more and more spherical shape and finally 
melt at about 120° C., forming large globules. These slowly 
decrease in size, the speed depending on the accelerator and 
other compounding ingredients present in the system (Figures 
6 and 7). From a dispersion point of view the presence of 
the small rhombic crystals is advisable. The large sulfur 
particles when melting usually produce an aggregation of 
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adherent carbon-black particles as has been shown in a pre- 
vious paper (10). After the heating is discontinued, a crystal- 
lization of free sulfur takes place at different lengths of time, 
depending on the compounding ingredients used. Various 
types of sulfur crystals are encountered which have been 
studied and described in detail by Hauser (11) and others. 
Zinc OxipE AND CarBoN Biack—The observations in 


Figure 4—Recrystallized rhombic sulfur Figure 5—Two minutes at 140° C. The 


crystals and large undissolved sulfur particles rhombic sulfur crystals have disappeared and 
at 140° C. at the beginning of vulcanization. the plastic flow of the rubber beginning to 
The rubber exhibits plastic flow in the direc- cease. 


tion to the left. 


Figure 6—Ten minutes at 140° C. The last Figure 7—Forty-five minutes at 140° C. 
traces of sulfur are disappearing. Distinct pigment aggregates are visible. 


Figures 4 to 7—Rubber-Sulfur-Carbon Black-Zinc Oxide-Stearic Acid-Di-o-tolyl- 
guanidine. 600 x 
regard to the dispersion of zinc oxide and carbon black 
during vulcanization can be summarized as follows: When 
zine oxide was added to a rubber-sulfur mixture and the sys- 
tem heated, a dissolution of pigment particles was observed. 
This evidently was due to the formation of soluble zine soaps 
(19, 2). The flocculation of pigments in a mixture containing 
5 per cent of zine oxide was most prominent during the first 
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minutes of vulcanization (140° C.), but was followed by de- 
flocculation. When rubber was heated with carbon black 
alone, there was a considerable flocculation of the pigment 
even though no sulfur was present due to an increased mo- 
bility of therubber. The resin crystals had a great adsorptive 
tendency towards the carbon-black particles and frequently 
acted as nuclei for aggregates, as was shown in a previous 
paper (10). The formation of crystals from the free sulfur 
was considerably inhibited by the carbon-black particles, this 
probably being partly due to their adsorptive capacity toward 
sulfur and partly because they fill up the rubber matrix form- 
ing a close network, which prevents the formation of large 
sulfur crystals in the rubber. 

Srearic Actp—When stearic acid was added to the above 
rubber compounds there seemed to be a greater formation of 
resin aggregates during mastication than in previous cases, 
perhaps because the rubber structure was destroyed to a 
greater extent. The plastic flow of the rubber increased dur- 
ing vulcanization. 

AccELERATOR—The effect of various accelerators as noted 
under the microscope during vulcanization was characterized 
by the speed with which the sulfur disappeared from the sys- 
tem. This varied from 3 to 15 minutes, depending on the 
accelerator and type of compound, when the temperature was 
raised immediately to 140° C. at the beginning of vulcaniza- 
tion. The plastic flow of the rubber and the length of time 
until the free sulfur began to crystallize out also varied with 
different accelerators. 

AcETONE-EXTRACTED RUBBER—When extracted rubber 
was heated under the microscope the plastic flow of the rubber 
increased tremendously, because the original rubber structure 
had been destroyed. (Compare with section on microscopic 
structure.) It was very difficult to disperse the pigments on 
the mill. The zine oxide showed a greater tendency to form 
secondary particles during vulcanization than carbon black. 
The free sulfur crystallized out almost immediately after the 
system had cooled down. 
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On the Reduction of 
Rubber Stress-Strain 
Determinations 


W. B. Wiegand and H. A. Braendle 


Binney & Situ Co., 41 East 42np St., NEw York, N. Y. 


In this paper the authors seek means of eliminating the 
personal equation in the selection of rubber stress-strain 
data. 

It became necessary to determine the most proba- 
ble or true values for tensile strength, elongation, and 
intermediate values. The authors, therefore, tested a 
complete inner tube, securing ninety-five breaks, which 
were then reduced by statistical methods. 

Frequency distributions of rubber stress-strain data 
do not strictly obey the law of accidental error, being 
negatively skewed for breaking values, and positively 
skewed for intermediate tensiles. 

The true values, therefore, are not the arithmetic 
means but the modes, which are found to differ from 
the arithmetic means in every case to an extent greatly 
exceeding the probable error of such means. 

Using these true values, and dividing the ninety-five 
breaks into successive groups of five, the latter were 
weighted according to four empirical methods and the 
results compared with the modal values. 

The method of selecting three highest elongations out of 
five together with corresponding tensiles was found most 
closely to approach modal values. This method is there- 
fore tentatively advanced as a starting point for the 
standardized selection of rubber breaks. 


1 Presented before the Boston Group Meeting of the Division of 
Rubber Chemistry of the American Chemical Society, January 12, 1929. 
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HE excellent report of the Physical Testing Committee 

(1)* illustrates the trend towards increased accuracy 

in rubber testing; as also the recent investigation of 

the effect of temperature on physical properties (2). The 

present study is confined to the experimental data them- 

selves, and to the application of statistical methods in their 

analysis. Determinable (instrumental) errors are excluded 
from this survey. 

In most laboratories it is customary to break three, five, 
or possibly seven test pieces of a rubber specimen, and to take 
the arithmetic mean of the resulting values, first rejecting 
such as appear to the operator to be clearly ‘“‘wild.” In 
order to work out a scheme for the treatment, or weighting, 
of such testing data, that shall be free from the vagaries of 
personal judgment, it is first necessary to determine, with 
the utmost precision possible, what are the true values of 
the quantities in question. Since the reliability of the 


average value of N tests is \/N times as accurate as that of 
one test, an increase in the number of test pieces broken 
- suggests itself as one obvious step in arriving at the desired 
“true,” or more strictly, most probable, values. 


Experimental 


A factory-run inner tube was cut longitudinally, and the 
total number of available test pieces cut across the grain— 
ninety-five—were died out. These pieces were then thor- 
oughly mixed, selected at random, and tested on a Scott 
machine. The test pieces were of dumbbell shape, '/, 
inch wide, 1 inch between bench marks (machine of standard 
pattern), speed of separation 20 inches per minute. Inter- 
mediate as well as breaking values were secured. (See 
Table I for breaking data.) ; 

Errect oF NuMBER OF TESTS ON ERROR OF ARITHMETIC 
Meran—Consider first breaking tensiles as shown in Figure 1. 
In order to trace the effect of increasing the number of tests 
on the arithmetic mean, progressive values for such means 
are shown, each dot on the graph indicating the arithmetic 
mean of all tests up to that point. Note the irregular trend 
of the arithmetic mean values, particularly in the early 
stages. Only after sixty breaks does the mean settle down 
to its final value as measured by the ninety-five breaks. 
The probable error of the mean 


€mM + 0.67 


as indicated in the graph by the heavy bands, has decreased 
from a value of 36 pounds for five breaks, and 17 pounds 
for fifteen breaks, to 12 pounds for ninety-five breaks. 

Thus it is seen that when ninety-five test pieces are 
broken in place of the customary five, and the arithmetic 
means determined in each case, the value for tensile strength 


* Italic numbers in parenthesis refer to literature cited at end of article. 
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of the inner tube would seem to be 2637 pounds with a 
probable error of +12 pounds. 

There is, however, a fallacy in this conclusion. This 
arises because the data have been treated on the assumption 
that they obey the law of accidental error. As shown in 
Figure 2, this law assumes symmetrical distribution about 
the true, or most probable, value. For such a distribution 
the arithmetic mean constitutes the true value, and the 
greater the number of tests the more reliable and accurate 
is this form of “average.”” The data of the experiment, 
however, do not follow this law. 

DETERMINATION OF TRUE (MopaL) BREAKING TENSILE— 
In Figure 3 are shown the number of occurrences of each 
tensile value in the ninety-five tests. It will at once be 
noted that this frequency curve does not follow the law of 
accidental error. Instead of being symmetrical, the curve 
is lopsided or “skewed” (5, 4) towards the left or the low 
values; there is a preponderance of low breaks, due pre- 


sumably to flaws in the rubber. 
FOR IS BREAKS 
> 
_2650}; 

LA 
€ FOR 
z 
w 
S BREAKS 


i020 3040 708090 
NUMBER of TESTS 
Figure 1—Number of Tests vs. Arithmetic Mean and Probable Error 
of Arithmetic Mean 

The curve of Figure 4 is that generated by the histogram of 
Figure 3. The arithmetic mean is no longer the most 
frequently occurring and therefore the most probable or 
true value. This quantity is defined as the ‘“‘mode” and 
is seen to show a distinctly higher value (3). 

In Figure 5 the “true” or modal value for tensile is com- 
pared with the values for the arithmetic mean (Figure 1). 
In no case does the arithmetic mean reach the mode, all the 
values being lower, and in no case does the probable error 
of the arithmetic mean overtake this deviation. Increasing 
the number of test pieces, even up to ninety-five, although 
reducing the probable error of the arithmetic mean, does not 
simultaneously reduce its inaccuracy. In fact, after ninety- 
five tests, the arithmetic mean falls short of the mode by more 
than five times its own probable error. 

DETERMINATION OF TRUE INTERMEDIATE TENSILES— 
Examination of Figure 6 shows that, as in the case of breaking 
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Table I-—Breaking Data 


TENSILE 


Lbs./sq. in. 


TENSILE TENSILE 

at 500% AT 

ELOoNG. BREAK 

Lbs./sq. in. Lbs./sq. in. 

550 2670 
535 2480 
470 2665 
530 2740 
485 2480 
520 2785 
490 2695 
570 2755 
515 2480 
535 2685 
530 2715 
535 2685 
530 2715 
515 2745 
555 2685 
590 2915 
535 2670 
500 2290 
520 2430 
550 2400 
520 2460 
530 2685 
510 2695 
540 2575 
520 2735 
525 2740 
505 2815 
525 2525 
530 2910 
515 2480 
520 2925 
515 2745 
535 2750 
500 2635 
520 2675 
520 2615 
550 2895 
555 2720 
515 2630 
540 2825 
505 2815 
465 2600 
515 2600 
550 2600 
505 2500 
500 2665 
505 2560 
530 2915 
490 2695 
515 2485 
520 2585 
515 2750 
530 2800 
520 2755 
530 2520 
540 2675 
545 2345 
540 2455 
550 2600 
490 2375 
515 2660 
495 2300 
485. 2425 
505 2650 
505 2480 
510 2610 
510 2455 
505 2515 


ELoNnGcéA- 
TION AT 
BREAK 


Per cent 


|_| 
Gace 
oF at 300% 
SAMPLE SAMPLE ELONG. 
Inch 
1 0.069 200 770 
2 0.067 240 740 
3 0.072 195 790 
4 0.068 205 780 
5 0.074 215 770 
6 0.069 200 780 
4 0.069 = 
300 700 
|_| 240 770 
11 205 770 
12 210 770 
13 205 770 
14 230 780 
15 220 780 
16 235 780 
17 225 770 
18 220 750 
19 220 750 
20 220 750 
21 220 760 
22 215 780 
23 215 780 
24 230 760 
25 220 780 
26 220 780 
27, 225 780 
28 210 770 
29 205 780 
30 200 760 
31 : 230 790 
32 200 780 
33 195 780 
84 195 
35 200 770° 
36 230 770 
. 87 230 780 
38 220. 760 
39 200 770 
40 230 780 
41 195 790 
42 190 790 
43 : 200 770 
44 205 770 
45 195 770 
46 195 780 
47 225 770 
48 205 780 
49 200 780 
50 200 750 
200 760 
200 770 
205 780 
205 770 
205 750 
215 770 
220 750 
215 750 
200 760, 
200 770 
210 750 
205 770 
; 220 770 
225 760 
195 770 
; 190 760 . 
195 770 


672 


Table I—Breaking Data (Continued) 
Gace TENSILE TENSILE TENSILE 
oF At 300% at 500% AT 
SAMPLE ELONG. ELONG. BREAK 
Inch Lbs./sq. in. Lbs./sg. in. Lbs./sq. in. 
0.073 190 490 
0.069 490 


0.071 
0.069 


29882 29883 23922 33 


tensile, the frequency curve is asymmetrical, thus again 
precluding the use of the arithmetic mean. The “skewness” 
is here towards the right, or positive, this being clearly due 
to personal equation in the form of lag in the recording 
of loads. The ‘‘skewness” at 500 per cent is less than at 
300 per cent because the bench marks are here separating 


more slowly. -Because the “skewness” is positive, the 


Figure 2—Normal Frequenc 
Distribution 


y= 


arithmetic means are now higher than the true or modal 
values, and to a degree again exceeding their own probable 
errors. 

DETERMINATION OF TRUE BREAKING ELONGATION— 
Figure 7 shows that the curve is here once more “skewed” 
towards the left, presumably because of flaws in the test 
pieces. This “skewness,” however, is much less evident 


|| 

ELoNGA- 

TION AT 

SaMPLE BREAK 

Per cent 

69 780 
70 770 
j 71 195 505 2755 780 
72 | | 230 520 2870 780 
73 | 210 540 2755 780 
74 200 515 2660 760 
75 200 515 - 2685 780 
76 200 490 1880 720 
77 205 530 2745 780 
78 205 530 2515 750 
79 195 500 2525 760 
80 205 530 2720 760 
200 485 2520 760 
82 240 570 2780 760 
83 205 590 2570 750 
84 220 585 2220 720 
85 240 630 2840 770 
86 215 540 2800 770 
87 245 615 2530 740 
88 240 605 2910 770 
89 200 540 2745 760 
90 225 565 2420 740 
91 245 650 2865 750 
92 245 580 2825 770 
93 205 580 2550 750 
94 220 550 2700 770 
95 230 515 2630 760 

| 
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than in the case of tensile, partly because the bench marks 
are separating very slowly, thus permitting more accurate 
observation, but chiefly because the stress is increasing much 
more rapidly than the elongation, and any shortening of the 
curve due to defects in the rubber has consequently less in- 
fluence on the elongation than on thetensile. As with break- 
ing tensiles, the arithmetic mean is lower than the mode, the 


No. of 
Tests 


2. ~ 2600 
Figure 3—Frequency Distribution, Tensile at Break 


difference, although small in absolute terms, being still 
many times the probable error (of the arithmetic mean). 


Reliability of Various Determinations 


Figure 8 shows in comparative form the frequency distri- 
bution for four critical stress-strain values. Visual in- 
spection will indicate that the degree of concentration around 
the most probable or modal value is, roughly speaking, 
similar for all the tensile values, but that the concentration 
for elongation at break is markedly greater. In other words, 
the number of “wild” results is much less for elongation 
than for tensile at rupture or modulus values. (This state- 
ment of course applies entirely to bar test-piece technic 
and not to ring testing.) 


Table II—Statistical Summary 


SkKEw- 
Tensile at: (95) NESS® MEAN MEDIAN MopE 


100% elong. 
200% elong. _9. 
300% elong. +0.58 212 210 204 


500% elong. 32 

500% elong. 32.3 +0.084 528 528 
600% elong. 

700% elong. 1854 

2637 ~0.39 2637 2670 
Blong. at break 767 ‘ A —0.24 767 770 


Skewness = 


standard deviation. 


|| 
| 
lo~- 
ARITH- COEFF. 
METIC STANDARD OF 
525 
2703 
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The exact measure of the reliability is known as the 
“coefficient of variation” (6). 


v= 7% 100 per cent 


where v = coefficient of variation, ¢ = standard deviation from 
mean, and M = mean 


It is seen from the coefficients of variation given in Table I 
that the reliability of the elongation at break is. approxi- 
mately three times as great as that of the other values. 


Application to Laboratory Test Procedure 


The discussion thus far has been confined to the influence 
of increasing the number of breaks upon the accuracy of 
the final result. This has brought out the necessity for 
recognizing and evaluating the “skewed” nature of rubber 


Figure 4—Frequency Distribution, Tensile at 
Break 


stress-strain tests. It is, of course, impracticable in the 
course of daily control, and even of research testing, to carry 
out sufficient breaks or intermediate readings to generate 
and evaluate a frequency curve in each case. To do this 
would require upwards of sixty tests. The problem is one 
of weighting a small number, say five tests, so as to approxi- 
mate the truth. 

It is common practice in laboratories to reject what are 
loosely defined as “obviously wild” results, but there is a 
disagreement as to what constitutes a “wild” result. A 
rule favored by some is that only such values shall be re- 
jected as show a deviation four times greater than the average 
deviation of the remainder. This rule fails to eliminate 
admittedly “wild” results. More specifically, of the ninety- 
five tests described in the present study, this rule would 
have eliminated only one, thus leaving the “skewness” 
of the frequency curves substantially uncorrected. A 
determination of the modal value would therefore still 
be necessary. Some other means of weighting is clearly 
required in order that “mean” values may yield more nearly 
true results. Several empirical snthons of weighting have 
therefore been applied. 
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The ninety-five tests on the inner tube mentioned above 
have been divided into nineteen successive groups of five, 
thus, in effect, constituting nineteen “laboratories” working 
under exactly comparable conditions and on the same 
material. (See Tables I and III.) It was thought that this 
procedure was the only way in which irrelevant variables 
could be eliminated so that final results should be amenable 
to statistical treatment. 

Treatment has been confined to tensile strength and 
elongation at break, these being the most popular tests, 
and also because the intermediate values are free from 
negative ‘“‘skewness’”’ due to flaws, and consequently greater 
symmetry of distribution is to be obtained, not by weighting, 
but by refinement of technic—e. g., reduction in the per- 
sonal lag. As a means of evaluating the various weighting 
schemes, the corresponding tensiles obtained from the 


MODE = TRUE TENSILE 2703 


Arithmetic Mean #2637 


< 
« 
o 


TENS! 


20 30 40 

NUMBER of BREAKS 
_Figure 5—Mode vs. Arithmetic Mean and Probable Error 


nineteen “laboratories” were averaged, and deviations 
of the “laboratories” from the true or modal value noted. 


Method 1—Mean of All Five Tensiles, Equal Weights. The 
average for the nineteen “laboratories” is, of course, 2637 
pounds—the arithmetic mean of the ninety-five tests—and as 
such lies well below the mode (2703). Of the nineteen ‘‘labora- 
tories,” six were more than 100 pounds off the modal value, 
two being off by more than 200. The elongation by this method 
is 767 per cent against a mode of 771 per cent. 

Method 2—Mean of Best Two Tensiles. ‘The average for the 
nineteen ‘laboratories’ here gives a value of 2769 which is 
well above the modal value. . In this case eight “laboratories” 
were off more than 100 pounds, the elongation by this method 
being. 775 per cent. 

‘* Method 3—Mean of Tensiles Corresponding to Best Two Elonga- 
tions. The average for the nineteen ‘laboratories’ gave 2757 
pounds; still high: seven ‘‘laboratories’’ off more than 100 pounds; 
elongation 776 per cent. - 


for 15 Beans 
Cle Bream 
tar S Breas 
2s. 


676 


Method 4—Mean of Tensiles Corresponding to Best Three Elon- 
gations. The average for the nineteen “laboratories” was 2717 
pounds as compared to the mode of 2703, a difference of only 14 
pounds. In this case only five “laboratories” were off more than 

‘ 100. Elongation by this method stands at 772 per cent against. 
a mode of 771 per cent. 


Inspection of Table IV clearly brings out the superiority 
of Method 4. 

It is necessary to emphasize that the above weightings 
are purely empirical. It is also necessary to emphasize that 
the scheme of weighting found best for the data of the present 
paper might not be applicable to another set of tests using 
different equipment and employing compounds of different 
type. 

With these limitations in mind, it is suggested that the 
selection of the three highest elongations out of five breaks, 


200 220 240 400 500 540 580 620 
Tensile at 300% E. Tensile at 500% E. 
Figure 6—Frequency Distribution at Intermediate Elongations 


together with the corresponding tensiles, be given considera- 
tion in the development of some standard method of weighting 
rubber stress-strain data. Irrespective of the question of 
approximation to modal or true values, the scheme of the 
three best elongations has the important practical advantage, 
at least with the ordinary bar test-piece machine, that the 
operator can give effect to his rejections immediately the 
breaks are finished and without first working out all of the 
tensile strengths—in fact, without any preliminary arithmetic. 

It is suggested that other rubber laboratories take enough 
time to select, say two or three “type” compounds, and 
vulcanize samples of sufficient size to supply upwards of 
sixty test pieces; that these be broken under strictly compara- 
ble conditions of temperature, humidity, etc.; that the fre- 
quency curves be plotted for intermediate tensiles, tensile at 
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Table I11—Comparison of Methods of Weighting 


LaBORA- METHOD 1 METHOD 2 METHOD 3 METHOD 4 
TORY Tensile Tensile Tensile Elong. ‘Tensile Elong. 


Lbs./sq. in. Lbs./sgq. in. Lbs./sq. in. Per cent Lbs./sqg. in. Per cent 


COND 


720 760 800 


Figure 7—Frequen 
Elongation 
at 


break, and elongation at break; that modal values be ascer- 
tained; and then that the tests be split up in some such 
manner as has been here outlined, and a scheme of weight- 
ing evolved which shall, for the type compounds in question 
and for the specific laboratory, yield the closest approxi- 
mation to the truth. It is possible, and even probable, 
that no two laboratories and that no two compounds will 
yield the desired results from the same scheme of weighting. 


2607 2705 2705 775 2692 780 
2680 2770 2740 780 2745 777 
2709 2730 2715 780 2715 777 
2541 2792 2793 775 2672 760 
2630 2715 2710 780 2705 780 
2694 2863 2863 780 2822 780 
2746 2838 2835 785 2807 783 
2737 2860 2860 780 2783 777 
2623 2708 2708 790 2672 783 
10 2664 2805 2805 780 2758 780 
11 2682 2776 2778 775 2768 773 
12 2490 2638 2638 765 2550 763 
13 2503 2655 2655 770 2578 770 
14 2594 2695 2695 775 2666 777 
15 2745 2813 2818 780 2793 780 
16 2477 2733 2635 770 2663 767 
17 2586 2810 2810 765 2713 733 
18 2681 2855 2855 770 2818 767 
19 2714 2845 2763 770 9718 767 
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Table IV—Variation from Mode (Tensile at Break) by Different 
Weighting Methods 


RELATION TO MopE NUMBER OF LABORATORIES 
Method 1 Method 2 Method3 Method 


Above 5 16 15 13 
Below 14 3 2 6 
+50 pounds or more 9 12 12 

+100 pounds or more 6 8 7 

+150 pounds or more 4 3 3 

+200 pounds or more 2 0 0 

On the other hand, there is a possibility that the scheme of 
the three best elongations out of five, here described, or some 
variation of this scheme, will be close enough to the truth 
to provide the basis for a standardized treatment, the urgent 


need for which is self-evident. 


TENSILE at 300 %E. TENSILE at SOO%E. 


TENSILE atBREAK. %E. at BREAK. 
Figure 8—Comparison of Frequency Distributions 


Addendum 


Since writing the above paper, the authors have noticed a 
study, “Essais mécaniques du caoutchouc et probabilités,” 
in Chimie et industrie, April, 1928, by M. R. Fric. It isa pleasure 
to acknowledge this prior publication of experiments carried 
out upon “‘pure” rubber specimens using Schopper rings, in the 
course of which the author established the approximate validity 
of the law of accidental error as applied to 731 breaks. 

Those interested in the theory of probabilities will find -in 
Fric’s paper an elegant alternative treatment of the breaking 
tensile data in the form of Ogive curves. By means of these, 
he clearly demonstrates the abnormal frequency of low values 
which he ascribes to flaws in the rubber. It is thus seen the 
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the preliminary part of the present paper stands as an inde- 
pendent confirmation of Fric’s observations. The present 
authors were, of course, primarily interested less in the ultimate 
reduction to most probable values than in the development of 
methods for weighting a small number of tests. 
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Importance of Tempera- 
ture and Humidity Con- 
trol in Rubber Testing 


II—Resistance to Abrasion! 


REPORT OF THE PHYSICAL TESTING COMMITTEE OF DIVISION OF RUBBER 
CHEMISTRY OF THE AMERICAN CHEMICAL 


NA previous report of the Physical Testing Committee, 
Inp. Enc. CHEM., 20, 1245 (1928), attention was called to the 
fact that the temperature of testing has a considerable effect 


upon the stress-strain relation of rubber compounds and that 
relative humidity, between the mixing and the curing of the 
compounds, also affects the stress-strain relation. The com- 
mittee, therefore, decided to extend the investigation to include 
the effect of these same variables upon the resistance to abrasion. 

Since there is no accepted satisfactory method of determining 
the resistance to abrasion, it was decided to use two machines 
which differ quite widely in principle. The machines used in 
this investigation are the Grasselli abrader, which works upon 
the Prony brake principle [Williams, IND. ENc. Cuem., 19, 
674 (1927)] and gives results in volume loss per horsepower- 
hour, and the U. S. abrader, which measures the volume loss 
per hour. These machines were chosen by the committee, 
not with the belief that the results obtained by their use were a 
true criterion of the actual wearing qualities of the compounds 
under service conditions, but to show the differences in results, 
if any, due to variations in temperature and humidity during 
the preparation and testing of samples. The four compounds 
used are numbers 1, 4, and 5, which were used in the investiga- 
tion of the stress-strain relation, and another compound desig- 
nated as number 6. ‘This selection provides for study a labora- 
tory test compound, two high-grade tread compounds con- 
taining two widely different types of organic accelerators, and a 
compound which represents a commercial heel compound. 
Three cures of each compound were tested. The formulas 
are given in Table I. 


1 Publication approved by the director of the Bureau of Standards of 
the U. S. Department of Commerce. 


H 
i 
H 
{ 


681 
Table I—Test Formulas 
INGREDIENT Srockl Srock4 Srock5 


Smoked sheets 100 
Zinc oxide 5 
Sulfur 
Carbon black 
Di-o-tolylguanidine 0.75 
Mercaptobenzothiazole 

- Stearic acid 
rubber 
Whole-tire reclaim 


clay 
Paraffin 


The investigation naturally divides itself into three phases 
which are: 

(1) . The study of the four compounds prepared under identical 
conditions as regards conditioning both in the raw and cured 
state at 45 per cent relative humidity and 82° F. (27.8° C.) 
but tested at 15°, 25°, and 35° C. 

(2) The study of the compounds conditioned before vulcani- 
a at 10, 40, 70, and 100 per cent relative humidity at 82° 

F. (27.8° C.) and conditioned cured at 45 per cent relative 
bummigity at 82° F. (27.8° C.) before finally testing at 82° F. 

(3) The study of the effect of three temperatures 59° F. 
(15° C.), 82° F. (27.8° C.), and 95° F. (35° C.) while main- 
taining a relative humidity of 45 per cent ee the — g 
of the cured stock previous to testing at 82° F. (28.7° C.). 


To control the temperature during testing, the Grasselli 
abrader was placed in a wooden cabinet and the temperature 
of the air blast controlled by passing the air through a 100- 
foot (30.5-meter) coil of */s-inch (9-mm.) copper tubing within 
a bath which was heated or cooled as required. The temperature 
of the bath was found not to be so important in determining 
the temperature of the blast when it reached the abrasive as 
the temperature of the cabinet itself, although necessarily it 
had some influence. The air of the blast was cooled by expan- 
sion, but it also aspirated air of the chamber and mixed with it 
so that there was no simple relation between the temperature 
of the blast as it reached the abrasive and the temperature 
of the bath. Heat was also lost or gained (depending upon 
the temperature used) between the bath and the orifices in 
spite of careful lagging of the pipes. Adjustment of tempera- 
tures was made by repeated trials and temperatures taken 
with a thermometer where the blast met the abrasive. —Tempera- 
tures were taken also by placing a thermocouple in a hole bored 
in the arm of the machine back of the sample being abraded. 
This temperature toward the end of a run was from 1 to 2 de- 
grees higher than the temperatures of the blast or cabinet, 

‘which were equal. When the samples were being abraded at 
15° C., it was found necessary to place a cake of ice in the cabinet 
and allow an electric fan to play upon it as an auxiliary cooling 
device to offset the heat generated by the motor. 

This method of temperature control was rather crude, but 
as it was considered impractical to introduce a large amount 
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of rubber dust into the constant-temperature room of the bureau, 
- the cabinet plan was used. By careful control of temperature 
of the air blast and constant manipulation of the fan, tempera- 
tures were maintained in the cabinet within =1°C. 

When testing with the U. S. abrader, air of a definite tempera- 
ture controlled within +1° C. was introduced into the cabinet 
and well mixed by an electric fan. Ice had to be used at the 
low temperature, as with the Grasselli machine, to compensate 
for the heat generated by the two motors of this abrader. Tem- 
peratures of the test pieces were taken near the end of the run 
by placing a thermocouple between the piece and the upper edge 
of the slot. This temperature was from 1 to 1.5 degrees higher 
than the temperature of the cabinet. 

In testing with the U. S. abrader, the corresponding cures 
of the four stocks were tested simultaneously and the check 
run was made by varying the order of the stocks in the different 
positions. In positions 1, 2, 3, and 4 were placed stocks 6, 
-1, 5, and 4, respectively, while the duplicate determination was 
made with positions 1, 2, 3, and 4 occupied, respectively, by 
stocks 4, 6, 1, and 5. No consistent relationship was found 
due to changing the position of the stocks in this manner. 

In the absence of definite information as to the agreement to 
be expected between duplicate determinations, it was estimated 
that the limit of allowable error might be placed at 5 per cent. 
Hence results were redetermined if the divergence between 
duplicate runs was greater than 5 per cent. As a result of this 
ruling only three redeterminations were required during the 
investigation. In the majority of cases the divergence was 
about 2 per cent. Each machine showed nearly the same 
differences between check determinations. 

The Grasselli abrader, in general, shows greater differences 
due to cure than does the U. S. abrader, perhaps because the 
latter machine requires much larger samples than the Grasselli 
machine. 

No comparison of the relative merits of the two abraders can 
be made because no knowledge is at hand concerning wear of 
the compounds under service conditions. Since it is possible 
to abrade five samples simultaneously with the U. S. abrader, 
more comparisons can be made with it in the same length of 
time than with the Grasselli abrader. The ratio in favor of 
the U. S. abrader in this respect is nearly 2 to 1. 

The rubber used in this investigation was taken from the same 
lot of smoked sheets previously prepared by the Fisk Rubber 
Company and used in the study of the stress-strain relation. . 


Part I—Effect of Temperature during Testing 


The batches were prepared on a 24-inch (60.9-cm.) mill and, 
after mixing, the speed of the rolls was reduced so that a uniform 
sheet 0.10 inch (2.5 mm.) in thickness was obtained. The 
sheet was then cut into slabs 6 by 6 inches (15.2 by 15.2 cm.) 
for conditioning at 45 per cent relative humidity at 82° F. 
(27.8° C.) for 24 hours before curing. In addition, slabs for 
the middle cure of each stock were conditioned 48 hours and 72 
hours before curing. After conditioning, the slabs were temoved 
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from the chambers and plied to proper thickness for the molds. 
Cured slabs 12 by 2 by !/,inch (30.5 X 5.1 X 1.3 cm.) were 
prepared for the U. S. abrader and the regular molds supplied 
with the Grasselii abrader were used for the preparation of its 
test pieces. The slabs for the U. S. abrader were cured in an 
aluminum: frame between thin sheets of aluminum. In all 
cases the compound was so placed in the mold that abrasion 
would take place in the direction of the grain. 

Table II gives the values obtained with both abraders at 
the three temperatures. Table III gives results obtained with 
the Grasselli abrader, disregarding the power consumption. 
The results of the 24-hour exposures are likewise shown graphi- 
cally in Charts 1 to 3, inclusive. 

From a study of the results, it is evident that within the range 
of temperature investigated the effect due to temperature during 
testing varies both in degree and direction with the compound 
used. These differences amount to as much as 25 per cent 
with some of the compounds. The results from conditioning 
the raw stock for longer than 24 hours showed differences only 
within the range of experimental error, so that no conclusive 
significance can be attached to them. 


Part II—Effect of Relative Humidity between Mixing and 
Vulcanization 


Immediately after mixing and sheeting to a thickness of 
0.1 inch (2.5 mm.), the raw stocks were exposed in cabinets 
to atmospheres of 10, 40, 70, and 100 per cent relative humidities 
at 82° F. (27.8° C.) for a period of 24 hours before vulcanization. 
Each compound was given three cures as was done in Part I. 
In addition, raw stock was exposed for 48 and 72 hours before 
giving it ‘the middle cure. 

Table II—Resistance to Abrasion at Different Temperatures of 

Testing 


(U.S. abrader, expressed in cubic centimeters loss per hour; Grasselli abrader, 
expressed in cubic centimeters loss per horsepower-hour) 


TIME 
TIONED . S. ABRADER AT: RASSELLI ABRADER AT: 
Stock BEFORE CurRE 
UR- 
ING 156°C. 25°C. 35°C. 15°C. 25°C. 835°C. 
Hours Min. Ce. Ce. Ce. Cé ca Ce 
At 
141.8°C. 
24 30 6.47 5.84 4.60 416 360 313 
24 45 5.05 4.72 3.87 260 202 
48 45 4.68 4.66 3.80 287 269 206 
72 45 4.72 4.69 3.69 295 269 207 
24 60 4.42 4.18 3.92 252 221 182 
4 24 30 4.68 4.69 4.12 316 289 262 
24 45 4.37 4.20 4.25 288 266 244 
48 45 4.31 4.23 4.19 295 269 249 
72 45 4.30 4.01 4.41 293 273 
24 60 4,42 3.85 3.96 282 257 240 
At 
126.1° C 
5 24 45 3.11 3.73 3.32 160 220 230 
24 60 3.22 3.05 2.90 194 218 2 
48 60 3.09 3.09 2.79 194 217 197 
72 60 3.13 2.93 2.69 194 218 198 
24 90 2.67 2.55 2.29 184 170 153 
At 
157.2° C 
6 24 9 7.68 9.06 10.47 765 823 
24 12 7.99 8.75 00 728 766 865 
48 12 7.75 8.71 11.00 719 777 
72 12 7.89 8.77 10.99 721 785 872 
24 15 8.02 8.88 10.95 704 755 850 
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Table I1I—Resistance to Abrasion at Different Tem tures of 
Testing on Grasselli Abrader, Disregarding Power Consumption 


(Expressed in cubic centimeters loss per hour) 


TIME 
ConpIrIonED TESTED AT: 
Stock BEFORE CurRE 
CuRING 15° C. 25° C. 35° C. 
Hours Min. Ce Ce Ce. 
At 
141.8° C . 
1 24 30 9.20 7.25 6.27 
24 45 6.08 5.05 3.61 
48 45 5.98 5.25 3.74 
72 45 6.20 5.20 3.91 
24 4.16 4.23 3.01 
4 24 30 6.45 5.88 5.02 
24 45 5.27 4.80 4.16 
48 45 5.41 4.87 4.25 
72 45 5.37 4.85 4.18 
24 60 5.20 4.59 4.01 
At 
126.1° C. 
5 2 45 3.91 4.91 -92 
24 60 4.27 4.79 4.10 
48 60 4,27 4.53 3.78 
72 60 4,28 4.71 3.77 
24 90 3.27 3.36 2.74 
At 
157.2° C 
6 9 11.57 12.49 12.97 
12 11,22. 11.58 12.54 
48 12 11.07 11.63 12.48 
72 12 11.12 11.74 12.38 
15 11.19 11.41 12.13 


The cured samples were stored in the dark with paper be- 
tween each sample for approximately a month before the tests 
were started. This was the procedure previously used in the 
stress-strain investigation. Before testing the resistance to 
abrasion at 82° F. (27.8° C.), the samples were given a 24- 
on exposure to 45 per cent relative humidity at 82° F. (27.8° 


The results are given in Table IV, and the results obtained 
with the Grasselli abrader, disregarding the power consumption, 
are given in Table V. The results of the 24-hour exposures 
are also shown graphically in Charts 4 to 6, inclusive. 

The results show that resistance to abrasion varies but little 
owing to differences in relative humidity between the mixing 
and curing. There are slight effects visible in the graphs, 
but these are rather insignificant and in some cases within the 
range of experimental error. 


Part III—Effect of Varying while Main- 
taining Same Relative Humidity during Conditioning of 
Vulcanized Samples Previous to Testing at 82° F. (27.8° C.) 


The cured samples were prepared as heretofore—conditioning 
the raw stock for 24 hours in an atmosphere of 45 per cent 
relative humidity at 82° F. (27.8° C.), before vulcanization. 
Previous to testing at 82° F. (27.8° C.) each of the cures of each 
stock was conditioned for 24 hours in an atmosphere of 45 per 
cent relative humidity at each of the three temperatures, 59° F. 
(15° C.), 82° F. (27.8° C.), and 95° C. In addition, the middle 
cures of each of the stocks were conditioned for 48 and 72 hours 
under the same conditions to determine the effect of length of 
exposure. This relative humidity at the various temperatures 
may be expressed in terms of absolute humidity (water per liter 
dry air) thus: « 
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15 0.0058 
27.8 0.0124 
35 0.0183 


The results are given in Table VII (Charts 7 and 8). Disre- 
garding the power consumption and calculating the values in 
volume loss per hour, the results obtained with the Grasselli 
abrader are given in Table VII (Chart 9). 

There was little variation in resistance to abrasion due to 
temperature of storing the cured stock while maintaining the 
same relative humidity of 45 percent. Stock 4 with the Grasselli 
abrader and stock 1 with the U. S. abrader do show a slight 
— the temperature but this is so slight that it may be 
ignored. 


Remarks 


In this investigation study of the effect of humidity during 
testing was omitted in the belief that during such a short time 
the humidity could not have an appreciable effect. Further- 
more, there is a rise in temperature at the surface being abraded, 
which would make it very difficult to control the humidity. 
While the tests were being made a record of the relative humidity 

- of the cabinet was kept, but this seemed to make no discernible 
difference in the results. The relative humidity of the cabinet 
varied over a considerable range (from 18 per cent to 68 per cent) 
during these tests, but any differences observed varied in di- 
rection and, since it is within the range of experimental error, 
may be ignored. 


Table IV—Resistance to Abrasion as Effected by ae of Samples, 
between Mixing and beam to Air of Different Relative 
u ties 


(U. S. abrader, expressed in cubic centimeters loss per hour; Grasselli abrader, 
expressed in cubic centimeters loss per horsepower-hour) 


TIME 
ConpI- U. S. ABRADER AT RELA- | GRASSELLI ABRADER AT 
TIONED Cupp TIVE HumIpITY OF: RELATIVE HuMIDITY OF: 
BEFORE 


10% 40% 70% 100% | 10%. 40% 70% 100% 


2 


Ce. ce. . Ce 


S88se 
en 


ORR 
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Stock 
ING 
Hours Min. Ce "CR Ce. 
At 
141.8° C. 
1 24 20 6. 380 357 359 382 
24 45 4. 249 245 262 271 
48 45 4. 247 - 246 266 272 
72 45 4. 247 250 261 273 
24 60 4. 228 213 224 422 
4 24 30 4. 287 303 318 324 
24 45 4. 284 284 286 284 
48 45 4. 287 282 282 282 
72 45 4. 286 285 283 282 
24 60 3. 285 290 296 303 
At 
126.1° C. 
5 24 45 210 210 208 211 
24 60 217 +204 213 218 
48 60 222 198 187 183 
72 60 219° #4197 186 184 
24 90 188 185 168 180 
At... 
157.2° C. 
6 24 9 13.30 11.37 10.99 10.58 | 898 907 988 973 
24 12 11.06 10.99 10.81 10.43 | 898 908 941 959 
48 12 10.97 10.97 10.91 10.44 | 876 917 910 954 
72 12 10.93 10.95 10.78 10.43 | 878 921 933 954 
24 15 10.04 9.63 9.57 9.54] 890 903 921 921 y 
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Table V—Resistance to Abrasion (Grasselli Abrader) as Effected by 


Ex: 
Different Relative 


ure of Samples, between Mixing and Vulcanization, to Air of 


H 


umidities, Disregarding Power Consumption 
(Expressed in cubic centimeters loss per hour) 


Stock BEFORE 
CURING 


CONDITIONED Cure 


RELATIVE HuMIDITY 


40% 


70% 


Hours 


Min. Ce. 


NAD 


Cea 


to 


Table VI—Resistance to Abrasion as Effected b: 


Exposure of Cured 


Stock to Air of 45 Per Cent Relative Humidity at Different 


Temperatures 


U. S. abrader, expressed in cubic centimeters loss per hour; Grasselli abrader 
’ expressed in cubic centimeters loss per horsepower-hour) 


‘Time 


DITIONED 
BEFORE CurRE 


_ 


TESTED ON U. S. 
ABRADER AT: 


TRSTED ON GRASSELLI 
ABRADER AT: 


Hours Min. 


At 
126.1° C. 
45 


60 
60 
60 
90 


167.2° C. 


15°C. .27.8° C. 35° C. 


Cc. Ce. 


mo 


15° C. 27.8° C. 35°.C. 


|| 
Ce. 
At 
141.8° C. 
1 24 30 
24 45 
48 45 
72 45 
24 60 
4 24 30 
24 45 
48 45 
72 45 
24 60 
At 
126.1° 
5 24 45 4.79 4.78 4.82 5.02 
24 60 4.50 4.22 4.36 4.44 
48 60 4.54 4.09 3.68 3.61 
72 60 4.48 4.07 3.66 3.62 
24 90 3.58 3.53 3.20 3.43 
At 
157.2° C, 
6 24 9 13.93 13.62 14.83 14.60 
24 12 12:30 13.45 14.93 14.20 
48 12 12.96 13.58 13.47 14.12 
3 72 13.00 13.63 13.80 14.12 
24 15 13.17 13.37 13.65 13.64 
At 
1 24 30 450 454 458 
24 314 334 327 
48 45 309 326 314 
72 45 310 329 320 
24 252 258 262 
4 24 30 383 367 349 
24 45 335 301 276 
48 45 333 314.273 
72 45 333 310 276 
24 60 324 311 
5 24 i 3.80 256 254 250 
24 2.67 266 «261 
48 2:65 268 263 ~246 
72 2:63 270 261 245 
2:08 218 204 197 
6. 9 10.87 749 744 «752 
4 12 10:07 708 726 
12 | 10:14 716 «724 
8615 9.57 692 680606 
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Table VIl—Resistance to Abrasion (Grasselli Abrader) as Effected 


by E: ure of Cured Stock to Air of 45 Per Cent Relative Humidity 
at Different Temperatures, Disregarding Power Consumption 


(Expressed in cubic centimeters loss per hour) 


TIME TESTED AT: 
CONDITIONED 
Srocx BEFORE CurE 
TESTING 16°C. 27.8°C. 35°C. 
Hours Min. Ge. Ce. Ce 
At 141.8° C. 
1 24 30 10.04 10.14 10.20 
24 45 6.49 6.59 6.44 
45 6.09 6.42 6.18 
72 45 6.12 6.49 6.30 
24 60 4.74 4.86 4.92 
4 30 8.44 8.07 7.68 
24 45 6.84 6.16 5.64 
45 6.81 6.41 5.58 
72 45 6.80 6.33 5.63 
24 60 6.09 5.48 5.45 


At 126.1° C. 


5 24 45 6.14 6.09 6.01 
24 60 5.59 5.47 5.19 
48 60 5.64 5.52 5.17 
72 60 5.58 5.49 5.15 
24 90 4.35 4.08 3.94 


At 157.2° C. 


Conclusions 


This study shows that in determining resistance to abrasion 
the temperature of the room or cabinet should be controlled 
within +1° C. in order to avoid significant errors in the restilts 
from this source. Below are shown the percentage differences 
per degree Centigrade obtained with each of the stocks. It 
must be remembered that this probably holds only over the 
range of temperatures studied and might change rapidly outside 
of this range. As the temperature changes from 15° C. to 35° C., 
the resistance to abrasion changes per degree Centigrade in the 
following manner: 


Srock 


In the light of the present investigation there will be no 
great error in results caused by differences in relative humidity 
either with the raw or vulcanized stock. Where laboratories 
are equipped to condition raw and vulcanized stock for stress- 
strain tests, it appears that it would be advisable also to condition 
samples for determining resistance to abrasion. It would at 
least tend to produce more nearly uniform results by eliminating 
possible sources of small errors. As the relative humidity during 
exposure of raw stock increases from 10 per cent to 100 per cent, 


6 24 9 12.18 12.10 12.23 
24 12 10.48 10.64 10.76 
48 12 10.58 10.72 10.87 
' 72 12 10.56 10.70 10.84 
24 15 10.24 10,22 10.30 
U.S. GRASSELLI 
| ABRADER ABRADER 
Per cent Per cent 
1 +1.25 +1.40 
4 +0.40 +0.8 
5 +0.60 +0.1 
6 -1.8 —0.8 
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the resistance to abrasion per 1 per cent relative humidity 
changes roughly in the following manner: 


Stock 


As these variations are small compared with the experimental 
error, it is evident that if the relative humidity does not vary 
over too wide a range its effect may be neglected. 

The temperature of storing the cured samples while main- 
taining a constant relative humidity has a negligible effect as in 
the case of relative humidity. As the temperature increases 
the resistance to abrasion per degree changes in the following 
manner: 


GRASSELLI 
ABRADER 


. A. GIBBONS, 
Chairman 
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U.S. GRASSELLI 
ABRADER ABRADER 
Per cent Per cent 
1 +0.055 —0.03 
4 +0.09 —0.03 
5 +0.09 —-0.01 
6 +0.04 —0.067 
U.S. 
Stock ABRADER 
Per cent Per cent 
1 +0.125 —0.15 
4 -0.3 —0.15 
5 —0.4 +0.15 
6 —0.025 —0.03 
N. A. SHEPARD 
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